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FOREWORD

Bulletin No. I69, "Southern Tuolumne County Water Resources
Development", presents a plan for development of the water resources of
Southern Tuolumne County. The plan cu3 presented includes a small reser-
voir at the Shanahan Flat site about five miles east of Groveland, and
another reservoir at Stone Meadow about two miles south of Mather.
Provisions would be made to supply domestic water from these reservoirs
as well as provide recreation and fishery enhancement.

A previous reconnaissance investigation of the water resources
of Southern Tuolxnnne County was conducted by the Department during the
1958-59 and 1959-60 fiscal years. The res\ilts of the investigation were
presented in the preliminary edition of Bulletin No. 96, "Southern Tuolumne
County Investigation". The project presented in Bulletin No. 96, (Harden
Project) to develop the water resources of Southern Tuolumne County was
largely dependent on the marketing of hydroelectric energy for the repay-
ment of reimbursable project costs. Since the time the project was
formvilated, technological advances in the production of thermal power have
caused power values to decrease; furthermore, hydroelectric plant construc-
tion costs have increajsed. These unforeseen economic developments have
rendered the power function of the (Bulletin No. 96) project economically
unjustified.

A public hearing on the preliminary edition of Bulletin No. 96
"Southern Tuolumne County Investigation, March I965" was held in Grove-
land on March 2k, 1966. Subsequently the Tuolumne County Board of
Siipervisors expressed the opinion that rather than expend additional

money to prepare a final edition of Bulletin No. 96, any available funds

should be spent toward investigation of a project which could be imple-

mented by local interests to develop the water resources of Southern

Tuolumne County.

The 1966 Legislature appropriated $30,000 to the Department of

Water Resources for a new study to derive a modified project which

would develop the water resources of Southern Tuolumne County. This

legislation was initiated by local interests in Tuolumne County. The

results of this study are contained in Bulletin No. I69.

William R. GianeLli, Director
Department of Water Resources
The Resources Agency
State of California

June 28, 1968
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ABSTRACT

BULLETIN NO. I69
SOUTHERN TUOLUMNE COUNTY WATER RESOURCES DEVELOPMENT

The Southern Tuolvnnne Cotmty stiidy area, about 100 miles directly
east of San Premcisco, encompasses 270 square miles of foothill and moun-
tainous terrain. It is within the drainage basin' of the Tuolumne River on
the westerly slopes of the Sierra Nevada due west of Yosemite National Park.

Runoff frcxn snowmelt and rainfall constitutes the only signifi-
cant water resource that can be developed within the area. The runoff
from this drainage basin has been extensively developed for use in the San
Francisco Bay Area and the San Joaqviin Valley. Local development and use
of runoff has been very minor.

The econcany and growth of the area has been retarded by the lack
of development of its recreation potential. Presently the only water-
associated recreation activities occur at a few accessible stream sites,
thus the variety of recreation opportunities is severely limited.

The Stone Meadow and Shanahsm Flat projects, proposed in this
report, were selected as being superior to others considered. The proposed
Stone Meadow Reservoir would be located on an unnamed tributary to the
Middle Fork of the Tuolumne River about two miles south of Mather at an
elevation of 4,520 feet. The proposed Shanahan Flat Reservoir would be
located on Big Creek about one mile west of Smith Station at an elevation
of 2,950 feet. The projects would include recreation facilities to
accommodate an ultimate annual use of 6Ul,000 visitor-days, and would also
provide the domestic water demand tintil the year 2025.

xvi



CHAPTER I. SIM4AKY AMD RECOMMENEATIONS

The economy of Southern Tuolranne County vovild he enhanced hy a
'water development project that would provide recreation, fishery enhaince-
ment, and a domestic water supply. The basic objective of this investigation
was to fonnulate such a project. A plan is presented for two projects that
would meet the domestic water requirements of the Southern Tuolumne County
Area for the foreseeable future and provide fishery enhanconent and recrea-
tion benefits. A more detailed study will be required to demonstrate the
feasibility of these proposals.

Summary

Southern Tuolimine County study «a*ea is located on the westerly
slopes of the Central Sierra Nevada immediately west of Yosemite National
Park and about 100 miles directly east of San Freuicisco. Elevations remge
from 300 feet above sea level to a maximimi of about 6,000 feet. Precipi-
tation varies from I8 inches in the lower foothill area to 55 inches in
the higher portion of the area to the east. Precipitation dtiring October
throvigh April is mainly in the form of snowfall above elevation 3,500 feet.

The central area of Southern Tuolimne County from Big Oak Flat
to Groveland Rajiger Station has moderate summers and cool winters. Suimner-
time maximum temperatures are from 5 to 10 degrees Fahrenheit cooler than
in the foothill and valley floor areas. Minimum temperatiores at night are
much cooler. Much of this area is covered by coniferous forest and is
privately owned. Most of the residential development in Southern Tuolxmne
Covinty is expected to occur in this area because of the natural beauty and
the absence of climatic extremes.

Surface runoff of the Tuol\mme River system constitutes the only
significant source of dependable water s\;^ply available within the area.
Water originating in the area has been developed extensively for use in the
San Joaqviin Valley smd the San Francisco Bay Area. The Groveland Community
Services District constructed facilities to obtain its water supply from
the Hetch Hetchy Project in 1965- All other areas in Southern Tuolumne
Covinty presently use ground water for domestic supply.

The economy of Southern Tuolumne County is based mainly on
recreation, livestock and poultry production, lumbering, and the operation
of maintenance stations (the California Division of Highways, California
Division of Forestry, United States Forest Service, and the Hetch Hetchy
water supply system of the City and County of San Francisco).

Water-associated recreation in Southern Tuolimine County is very
minor, being confined to a few accessible areas near streams. The lack of

recreation reservoirs severely limits the variety of outdoor recreation
opportunities. Access to the area via Highway 120, an all-year highway to

Yosemite National Park, is excellent. The area is scenic, the climate is

suitable for recreation, and additional camping facilities would assist in

alleviating present overcrowded conditions in Yosemite National Park.



The principal area within Southern Tuolumne Co\inty which could
use a domestic water supply is the proposed project service area along
Highway 120 between Big Oak Flat and the Tuolumne -Mariposa County line near
Buck Meadows. The demand for domestic water in the service area is esti-
mated to increase from I50 acre-feet in 1975 to 1,890 acre-feet in 2025.

During this st\xdy, memy alternatives were considered in the

fonniilation of plans to develop the water resources of Southern Tuolumne
County. The recreation potentials of fo\ir reservoir sites studied were
found to rank qualitatively in the following order: (l) Stone Meadow,

(2) Burch Meadow, (3) Shanahan Flat, and {k) Groveland. The Shanahan Flat
site was found superior to the others from the standpoint of providing an
econamic domestic water supply. Frcxn the alternatives, a plsui was evolved
for local development which would include the purposes of recreation, fish
enhancement, and conservation for domestic water supply.

The plan which was evolved includes the Stone Meadow and Shanahan
Flat Projects, which would meet the year 2025 domestic water reqiiirements

and provide facilities for an annual use of 6Ul,000 visitor-days by recrea-
tionists. The Stone Meadow Reservoir would be located on an unnamed
tributary to the Middle Fork of the Tuolumne River about two miles south
of Mather. The capacity at a normal pool elevation of i+,520 feet would be
8,500 acre-feet, and the water surface area would be 231 acres. The
Shanahan Flat Reservoir would be on Big Creek about one mile west of Smith
Station. The capacity at a normal pool elevation of 2,950 feet would be

3,920 acre-feet, auid the water surface area would be 129 acres.

The domestic water siipply for the service area would initially be
provided from the proposed Shanahan Flat Reservoir. After about the
year 2005 when the annual water requirements exceeded 65O acre-feet a
supplemental supply would be released from Stone Meadow Reservoir, diverted
from the Middle Fork by pipeline to a turbine-pump unit from whence the
pump side of the unit would force a portion of the water through a pipeline
which would extend a distance of about 5 miles along the old alignment of
the Golden Rock Ditch to Big Creek above Shanahan Flat Reservoir. A pipe-
line wo\ild convey water from Shanahan Flat Reservoir to water treatment
facilities, and thence the domestic water supply would be pumped throughout
the sejrvice area.

The capital costs of initial project facilities are estimated to
be as follows:

Item Shanahsm Flat Stone Meadow

Dam and Reservoir $1,398,700 $2,030,000
Recreation Facilities 482,000 992,000
Water Treatment Facilities 51,100 —
Water Conveyance to Service Area 214,700 —
Mather Diversion and Pipeline — 1^9 , 300

Total $2,lU6,500 $3,171,300



A summazy of the present worths of all costs and benefits throiigh-
out the 50-year period of project analysis follows. Ifo attempt was made to
«dJ.ocate costs and benefits between the projects for providing the 8\;qpple-

mental water requirenents after year 2005 and for making accretion releases
from Stone Meadow Reservoir. The benefit-cost ratio for the total develop-
ment is indicated to be I.U9 to 1.

Iton

Costs

Benefits
Recreation
Fish Enhancement
Domestic Water

Total

Benefit-Cost Ratio

Shttnahan Flat

$u,951,000

5,512,000
125,000

1.138,700

$6,775,700

Stone Meadow

$8,085,1+00

12,100,000
520,000

$12,620,000

Totals

$13,036,1+00

17,612,000
61+5 ,000

1.138,700

$19,395,700

1.1+9:1

Recommendations

As a result of the findings of this investigation it is

recommended that:

1. Tuolumne Coxrnty use Bulletin No. I69 as a guide for future

water projects in Southern Tuolumne County.

2. A local agency or agencies, when willing and able to under-

take the necessary local financial obligations, consider proceeding

with feasibility studies leading to possible project construction;

further study by the State itself is neither necessary nor Justified.





CHAPTER II. RESOURCES AND PRESENT DEVELOPMENT

Tuolumne County was organized in I850. Subsequently, in
April 185'+, Stanislaus County was created from a portion of the original
area of Tuolumne County. The major impetus for development of the
Tuolumne area occurred when gold was discovered at New Jamestown in l&l+B

and in Columbia in I85O. As a result of gold mining activities several
communities were established and the population of the County increased
to 16,000 by the year i860.

Projects to convey water to the raining operations and commu-
nities accompanied the early growth of the area. Remnants of some of
these systems are in evidence today. Of particular historical interest
is the Golden Rock Ditch in Southern Tuolximne County. It was built in
the late l850's by Chinese laborers using picks and shovels. Water which
was diverted into the ditch by a diversion dam at Harden Flat was conveyed
westerly along the northern slopes of Pilot Ridge, through Buck Meadows
and Garrotte Basin to Big Oak Flat. The length of the main ditch and its
distributaries totaled over 100 miles. The capacity of the ditch at the
headworks has been estimated at 3jOOO miner's inches (75 cubic feet per
second). The ditch, flumes, and tunnel were a prodigious construction
feat for that time. The ditch was periodically in operation to the
year 1923 when it was abandoned. Although now overgrown by trees and
brush, the ditch alignment can easily be traced except where it is

obliterated by road construction.

Recreation is the most important aspect of the present economy
of Southern Tuolumne County. A considerable amount of tourist trade is

associated with travel to and from Yosemite National Park. A number of

organizational camps provide a major portion of the recreation opportunities,

Public camp sites in Stanislaus National Forest are of considerable impor-

tance to the recreation use of the area.

In addition to recreation, the economy of the area is based on

livestock and poultry production and the operation of maintenance stations

(California Division of Highways, California Division of Forestry, United

States Forest Service, and the Hetch Hetchy water supply system of the

City and County of San Francisco).

Natural Features

Location and Terrain

The Southern Tuolumne County study area is about 100 miles

directly east of the City of San Francisco in a foothill and mountainous

area of the western slopes of the Central Sierra Nevada. The study area,

270 square miles in extent, is bounded on the south by Mariposa County,

on the west and north by the deeply entrenched Tuolumne and Clavey Rivers,

and on the east by Yosemite National Park. The area of investigation is

delineated on Plate 1.
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Elevations range from about 300 feet above sea level in the

extreme southwestern part to a maximum of about 6,000 feet at the boundary
of Yosemite National Park. The topograidiy in the portion west of Big Oak

Flat is generally one of precipitous hillsides and arroyos. Because of
the shallow soil cover and hot, dry summers, the vegetative cover in this

portion of the area consists principally of rangeland, brush, and scattered

oak trees. A rather sharp contrast occurs from Big Oak Flat eastward.

In the central portion of Southern Tuolumne County between Big

Oak Flat and Buck Meadows, an area of about TO square miles, land eleva-

tions range from 2,500 to 3,500 feet. The topography may be considered
as having moderate relief except in the relatively flat meadow lands.

Several small ephemeral streams drain the area. A deeper soil cover and

greater precipitation have resulted in a vegetative cover of moderate to
dense stands of coniferous forest intermingled with oak and incense
cedar, as well as rangeland and meadows. Most of the land is privately
owned. Because of the attractiveness of the area, the absence of climatic
extremes, and the private ownership of lands, most of the residential
development in Southern Tuolumne County is expected to occur here.

In the eastern portion of Southern Tuolumne County from Buck
Meadows to the Yosemite National Park Boundary, the topography is of
relatively steep relief. Most of the area is covered by moderate to dense
stands of coniferous forest, much of which is matui^ timber of commercial
value. Future development in this area, which is almost entirely in public
ownership, will be primarily for recreation, with Ivunbering of secondary
importance.

Streams

The Southern Tuolumne County study area lies within the Tuolumne
River Basin. Runoff from the area flows directly into four main stream
systems. These are the Main Stem, Middle and South Forks of the Tuolumne
River and Big Creek. The Main Stem of the Tuolumne River above its
confluence with the South Fork drains an area of 770 square miles, most
of which lies outside the area of investigation. The Middle and South
Forks together drain an area of about I50 square miles in the eastern
portion of the area of investigation and in Yosemite National Park. Most
of the runoff of the Main Stem, Middle and South Forks is produced from
snowmelt because of the high elevation drainage areas.

Big Creek, a tributary to the Main Stem of the Tuolumne River
about four miles north of Groveland, has a drainage area of 25 square miles
above the gaging station near Groveland. The drainage basin, which lies
in the central portion of the area of investigation, ranges in elevation
from about 2,500 to 3,800 feet; consequently, almost all the runoff is
produced from rainfall.

Geology

Southern Tuolumne County is situated on the gently dipping
westward slope of the Sierra Nevada geomorphic province. This province



is approximately 430 miles long and varies from kO to 80 miles in width.
It has been described as an immense tilted fault block, vhich ranges in
elevation from near sea level along its western edge to a maxinum height
of 14,^96 feet at Mount VAiitney. In cross section, the Sierra Nevada has
a gentle westward slope and an abrupt eastern scarp.

Two subdivisions of the Sierra Nevada geomorphic province are
represented in the investigational area: (l) a low-elevation or foothill
province largely composed of metamorphic rocks, and (2) the High Sienra
province, principally composed of granitic rocks.

The foothill province includes the western three-quarters of the
area. Here metamorphic rocks form a relatively broad northwest-tjrending
belt of tight folds. Locally, Mesozoic igneous rocks intruded these folds.
The folds are capped locally by mid- and late-Tertiary volcanic rocks. A
northwest-trending foothill fault system cuts through the foothills. The
fault system varies in width from less than one mile to over three miles
along Its 120-mile length. Quartz veins and the Mother Lode mineral
deposits are associated with this fault system.

The Sienra Nevada geomorphic province covers the eastern quarter
of the area. It is underlain primarily by the granitic intrusive complex
and some small remnants of older metamorphic rocks which occur as "roof

pendants". Tertiary volcanic rocks locally blanket the bedrock complex.

During the Pleistocene epoch, snow and ice accumulated in the higher
mountains and formed many slow-moving glaciers. These glaciers greatly
modified the topography by depositing moraines and by cutting huge U-shaped
valleys such as Yosemite Valley. Several small glaciers still exist in the

high mountain area east of Yosemite Valley.

Climate

The climate within Southern Tuolumne County varies with location.

An orographic effect causes the mean annual precipitation to vary from
about l8 Inches in the lower foothill areas to 3** inches in the Groveland

area, and to about 55 inches in the higher portion to the east. Practically

all precipitation occurs during the period October through April.

The foothills in the western portion of the area have hot, dry

summers and mild winters. In the central portion of the area, with

elevations from 2,500 to 3,500 feet, summertime maximum temperatures are

5 to 10 degrees Fahrenheit cooler than in the foothills area and valley

floor. This area is free of the annoying winter fogs that prevail in the

San Joaquin Valley each year for several weeks.

In the eastern portion of Southern Tuolumne County, summertime

maximum temperatures are even lower thereby enhancing the recitation aspects

of the area. Freezing weather is common during the winter with a snowpack

accumulating at the higher elevations.

Soils

The soils of Southern Tuolumne County can be di-vlded into

two broad categories: recent alluvial soils and upland soils. The



alluvial soils are small in areal extent, being confined to streambeds
and meadows. Upland soils vrere formed in place by the weathering and

decomposition of the underlying rock material. These soils are important
because they cover almost the entire area of investigation. The upland
soils generally become deeper in profile and less rocky as elevation and
precipitation increase. Shallow soil profiles and extreme rockiness,

for example, are found in the lower western portions of the area, while
deep and nearly rock-free soils are found in some of the more eastern
portions of the area.

Sources of Water

The water resources of Southern Tuolumne County originate as
direct precipitation in the form of rain or snow on the lands within the
area. Over half this supply is used consumptively by evapotranspiration
from forest, meadows, and rangeland within the area, and the remainder of

it drains from the area by way of the Tuolumne River and the Hetch Hetchy
Aqueduct.

Melting snow from the mountainous parts of the area provides
the major portion of the annual runoff, which occurs mainly in the late
spring and early summer. By late siimmer, the streams have reached annual
mininnams and are sustained by springs and effluent seepage.

A minor portion of the annual runoff is from small, ephemeral
streams in the central and western portion of Southern Tuolumne County.
Almost all of the runoff from th-'s source is direct runoff from rainfall,
with minor amounts being produced by effluent seepage to the streams.

Precipitation

Precipitation in Tuolumne County varies between wide limits
from year to year and increases gradually from west to east with an in-

crease in land elevations. Winter storms deposit relatively small amounts
of precipitation in crossing the floor of the San Joaquin Valley. The
amount of precipitation increases sharply, however, as the storms move
toward and into the Sierra Nevada. Precipitation below an elevation of
about 3>500 feet generally occurs in the form of rain; above this eleva-
tion most precipitation occurs as snow. A maximum mean annual rate of
precipitation of about 55 inches occurs along the intermittently defined
first crest of the Sierra. Between this area and the main crest, the
precipitation is not noticeably affected by elevation. Here the average
annual rate varies between about ^5 and 60 inches.

Precipitation Stations and Records . There are 13 precipitation
stations in or adjacent to the Southern Tuolumne area with sufficient
length of record to be used for hydrologic estimates. These stations are
not well distributed areally in that there are no stations above an eleva-
tion of U,700 feet to give representative values for precipitation at
higher elevations. The longest record of precipitation in Tuolumne County
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is that of the Sonora station which has a continuous record since the
precipitation year of 1887-88. The precipitation year is from July 1

through June 30 of the following year, l^e longest continuous precipitation
record in Southern Tuolumne County, at Hetch Hetchy Reservoir, extends from
1910 to the present.

Twenty snow courses in the Tuolumne River Basin are measured and
maintained as part of the California Cooperative Snow Surveys. All of
these courses are at or above an elevation of 6,500 feet. Measurements at
these courses provide data which are used to foi^cast snowmelt runoff and
thereby greatly increase the efficiency of operation of reseirvoirs in the
area.

None of the snow courses are within the ajrea of investigation.
Information on the location and measured April 1 water content at the
snow courses is presented in the Department of Water Resources Bulletin 120
series, "Water Conditions in California".

The records of precipitation at most stations and snow courses
in or near Southern Tuolumne County have been published in reports of the
United States Weather Bureau and the Department of Water Resources. The
elevations, periods and sources of record, and mean, maximum, and minimum^ /

annual precipitation for the precipitation stations are listed in Table 1—' .

In those instances when it was found necessary, precipitation records were
extended to cover the 50-year mean period from 1915 to I965 by direct
correlation with records of nearby stations covering that period. Plate 2,

entitled "Lines of Equal Mean Annual Precipitation", shows the locations

of selected precipitation stations and the lines of equal mean annual
precipitation.

The annual precipitation recorded at the Groveland station has

varied from about 60 percent to about 170 percent of the mean. The maximum
annual precipitation of record at this station, in 1937-38, was 57. 6U inches.

The minimum precipitation of record in I96O-6I, was 20.59 inches. Approxi-

mately 67 percent of the yearly precipitation at Groveland occurs during
the period December through March; less than k percent occurs from June

through September.

The maximum recorded snowpack in the Tuolumne River Basin occurred

at the Spotted Fawn snow survey course in 1952, when a water content of

82.5 inches was measured.

Because no single precipitation station is representative of the

entire area, the stations at Don Pedro Reservoir, Groveland, and Lake

Eleanor were selected to show annual amounts of precipitation. Annual

precipitation recorded at these stations is presented in Table 2.

Runoff

Surface runoff from the Tuolumne River system constitutes the

only significant source of developable water supply available to Southern

17 Tables are placed at the end of the chapter.
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Tuolumne County. Present use of this supply within the area, primarily
from direct diversion of unregulated streamflow is very minor and is made
for irrigation.

Whether the surface runoff is directly from rainfall or snovmelt
is largely dependent upon the elevation of the drainage basin. In the Big
Creek Basin, with elevations ranging from 2,U00 to 3,700 feet, almost all
runoff is from rainfall; whereas in the Middle and South Fork Tuolumne
River basins, with elevations ranging from 3,000 to 9,000 feet, most of the
runoff is from snowmelt.

Because runoff depends on precipitation, it fluctuates widely
from year to year, as does precipitation; furthermore there is a wide
variation in streamflow throughout any given year because of the variation
in precipitation and snowmelt.

Stream Gaging Stations and Records . Records of streamflow for

the Tuolumne River are generally sufficient in number, length, and

reliability for hydrologic studies. The drainage areas, periods of record,

and sources of record for stream gaging stations in the Tuolumne River

Basin are presented in Table 3. Locations of the stations are shown on

Plate 2. Most of the runoff records for these stations have been published

in the United States Geological Survey Water Supply Papers or in Department

of Water Resources bulletins.

The runoff of Big Creek and the Middle and South Forks of the

Tuolumne River was of particular interest in the investigation because

these streams provide the most likely prospects for local development.

The Main Stem of the Tuolumne River and the Clavey River are so deeply

entrenched that local development of these streams for this area appears

very unlikely.

Gaging stations on the South and Middle Forks just upstream from

their confluence have been maintained continuously since March 1923 and

October I916, respectively. Intermittent records at points upstream from

these stations have been useful in estimating runoff from the upper portions

of the watersheds.

In July 1959 a gaging station was installed on Big Creek near the

Groveland damsite in the Northeast Quarter of Section 15, Township 1 South,

Range I6 East, MDB and M. The records of flow at this gaging station

provide a much more reliable basis for estimating streamflow available to

possible projects on Big Creek than was available in prior investigations.

Runoff Estimates . Estimates of natural runoff were made to assist

in evaluating potential water conservation projects. The Middle and South

Forks of the Tuolumne River and Big Creek offer the most likely possibilities

for local water projects. At the present time, man-made impairments to the

flow of these streams can be considered as negligible and natural flow is

essentially the same as recorded flow.
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Records of runoff of the Middle Fork at Oakland Recreation Camp

are available for the 50-year period I916-I7 through I965-66. Records of

runoff for the South Fork near Oakland Recreation Camp are available for
the period from March I923 through the water year I965-66. Estimates of

runoff at this station from October I916 throu^ February I923 were made

by correlation with runoff at the Middle Fork station.

Records of runoff of Big Creek near Groveland are available for
the period July I959 through the water year 1965-66. Estimates of the

runoff at this station from October I916 through June I959 were made by
correlation with Chowchilla River at Buchanan Dam site. The gaging station
"Woods Creek Near Jacksonville" was not used for correlation because an
undetermined portion of the flow of Woods Creek is derived from Imports
from the Tuolumne Ditch.

The estimated annual runoff at selected locations in the Tuolumne
River Basin for the 50-year period 1916-IT through 1965-66 is shown in

Table k.

The estimated runoff at the Big Creek, Middle and South Fork
stations as shown in Table k was used to estimate i-unoff at potential
conservation sites. Plate 2 indicates the locations for which runoff was
estimated in evaluating possible project features. The runoff at these
locations is discussed in Chapter III.

Quality of Surface Water . Analyses of surface water samples
collected in 1959 and in I96T from the Tuolumne River Basin showed that
the waters were of excellent mineral quality and were suitable for irri-
gation and other uses. In addition, the Department has collected samples
monthly from the Tuolumne River below Don Pedro since April 1951 as a part
of the surface water quality monitoring program. Records of this program
indicate that waters flowing in the Tuoliunne River were consistently of

excellent quality. The waters were characterized by a very low content of
total dissolved minerals, chloride, and boron, and by a low percent of
sodium. Analyses of surface water samples from minor tributary streams
indicate that waters from these sources have a higher mineral concentration
than waters from the main stem of the Tuolumne River. Surface water
samples collected in 1959 and I967 indicate that the water in these streams
meet U. S. Public Health Standards for drinking water.

Surface waters throughout Tuolumne County are capable of
supporting and enhancing an abundant fishery and are of desirable quality
for maintenance of the wildlife population.

Table 5 shows the amount of mineral constituents and specific
conductance of water samples from the Tuolumne River Basin.

Ground Water

Ground water, by definition, refers only to that water which
occurs within the zone of saturation in the open spaces that exist in most
of the materials comprising the earth's surface. By this definition,
ground water is found under the entire extent of the Southern Tuolumne area.
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Where the spaces in the rock comprise a relatively high percentage of the
total volume and are inter-connected, the rocks are called water-bearing
because substantial amounts of water can be removed from them. If the
open spaces in the rock constitute little of the total vol\ime or are not
inter-connected, the rock will jrield little water and is considered to be
nonwater-bearing

.

All formations identified within the area, except the alluvium,
the glacial moraine, the andesitic volcanic rocks, and the auriferous
gravels are crystalline and therefore nonwater-bearing . Wells, when
properly located, will drain the inter-connected fractures and Joints in
these nonwater-bearing rocks and yield flows of 5 to 15 gallons per
minute. In the fall months of water-deficient years, these wells fre-
quently fail. Such wells provide most of the present domestic water
supplies for rural areas of Southern Tuolvimne County not served by the
Groveland Community Services District.

Alluvium does not exist in sufficient quantities to be considered
as an aquifer In the Southern Tuolumne County area. The andesitic volcanic
rocks in Sections 9 and 11, Township 1 South, Range l8 East, and the
glacial moraine near Mather are not located near potentially developable
service areas and therefore were not studied further. Andesitic volcanic
rocks are also found near Smith Station, but because they outcrop on
ridges and topographic highs and are therefore above the zone of saturation,
these rocks are considered unimportant to ground water except as they serve
to conduct percolating waters to the auriferous gravels under them. The
auriferous gravels near Smith Station and to the northwest are apparently
the only water-bearing rocks near a potential service area in the Southern
Tuolumne area. Well production in this unit is somewhat variable. Until
a detailed ground water inventory of this area is made, it Is impossible
to determine the volume of ground water storage available or the safe yield
of these gravels.

Quality of Ground Water . Samples of ground water were collected
from selected springs and wells within Tuolumne County in 1959 for quality
analyses. Only a few samples were collected within the Southern Tuoliunne

County area. On the basis of suitability for domestic uses, water from
some wells did not meet prescribed standards for mineral quality set by the

U. S. Public Health Sei-vice. For example, water obtained from one well in

the vicinity of Yosemite Junction was found to contain slightly more than the

allowable limit of arsenic (0.05 milligrams per liter). Other wells in the

vicinity of Rawhide Flat and Groveland contain water with more than the

recomioended limits of the combination of iron and manganese (0.3 miUigrams
per liter).

In 1955 a well was drilled about three-tenths of a mile east of

Groveland for a connunlty water supply system. Water from the well had a

high iron content, 3.7 milligrams per liter, which is far above the

recommended allowable 0.3 milligrams per liter. Users found the iron

content a serious problem, especially in laundering clothes. Other wells

in the area have produced water with similar high iron content.

A stumaary showing the arithmetic averages of the mineral con-

stituents of all available ground water samples Is presented in Table 6.
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Present Water Development

The runoff from the Tuolumne River Basin is regulated by a series
of dams and reservoirs to provide water for irrigation and municipal use,
to produce hydroelectric power, and to provide flood protection. The
development has been almost entirely by the City and County of San Francisco
and the Turlock and Modesto Irrigation Districts. This pattern of develop-
ment is common for Sierra Nevada streams. Irrigation districts on the
valley floor began using substantial quantities of water by the late l800's,
£ind this use has continued to increase. Public utilities, both privately
and publicly owned, initiated hydroelectric power development in the early
1900' s. In the case of the Tuolumne River, a metropolitan area (City and
County of San Francisco) constructed facilities to export water for
municipal use. Because of the earlier economic development of the valley
floor and metropolitan areas, these areas were in a financial position to
develop water resources, whereas most of the mountainous areas were not.

Modesto and Turlock Irrigation Districts

La Grange Dam and diversion facilities were completed in 189U
and Modesto and Turlock Irrigation Districts were diverting water from the
Tuolumne River by I9OI. The present diversion facilities at La Grange
have a combined capacity of about ^,500 cubic feet per second. Recent
diversions at La Grange in acre-feet are as follows:

Water Year



regulated water from Early Intake Forebay to Crystal Springs Reservoir on
the San Francisco Peninsula.

Major reservoirs of the City of San Francisco's project include
the following:

Name of Reservoir Name of Stream Capacity (acre-feet)

Hetch Hetchy Tuolumne River 360,000
Lake Lloyd Cherry Creek 268,000
Lake Eleanor Eleanor Creek 27,800

Power plants include the following:

Name of Powerplant Installed Capacity (kw)

Moccasin 70,000
Dion R. Holm 135,000
Robert C. Kirkwood 67,500

Transmission lines convey the power for use in the San Joaquin
Valley and metropolitan areas adjacent to San Francisco Bay.

Briefly, the system is operated as follows:

Water stored in Hetch Hetchy Reservoir is conveyed through
a tunnel, 10 miles long, to penstocks Just upstream from Early Intake
Forebay. The penstocks lead to the Robert C. Kirkwood Powerhouse,
from which the water is discharged into the Early Intake Forebay. The
water then flows through 19 miles of tunnel (Hetch Hetchy Tunnel) to
Priest Forebay. Penstocks convey water from Priest Forebay to Moccasin
Powerhouse which in turn discharges into Moccasin Afterbay. From
Moccasin Afterbay water may be i*eleased into the Tuolumne River or con-
veyed to San Francisco. About kO percent of the water which passed through
Moccasin Powerhouse during recent years has entered the Hetch Hetchy
Aqueduct and has been conveyed to sei^ice areas at and near San Francisco;
the remaining 60 percent has returned to the Tuolumne River and has flowed
into Don Pedro Reservoir. In the power developments on Cherry Creek,
water released from Lake Lloyd flows through a power tunnel and penstocks
to the Dion R. Holm Powerhouse near the Junction of Cherry and Granite
Creeks. Water released from the Holm Powerhouse flows down Cherry
Creek and the Tuolumne River to Don Pedro Reservoir.

The City of San Francisco has under construction the New
Moccasin Powerhouse which will have an installed capacity of 90,000
kilowatts. The existing powerhouse will remain intact and be used for
peaking power.

Recent exports to the Hetch Hetchy service area in acre-feet
are tabulated below.
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Water Year Export to San Francisco

1961-62 175,521
-63 133,632
.6k 158,588
-65 169,^97
-66 183, (Al

5-year average l6'f,056

Under provisions of the Raker Act, the City of San Francisco
can export a maximum of ^50,000 acre-feet annually, however, prior rights
of Modesto, Turlock, and Waterford Irrigation Districts must be considered.
Storage is required to provide a firm yield of water, because during dry
years there is not sufficient runoff to meet the demands of all Tuolumne
River water users. Storage in addition to that provided by existing
reservoirs will be required to obtain a firm yield of ^50,000 acre-feet
annually. Plans for additional storage are discussed in Chapter III.

Local Development and Use of Water

The only cooperative development of a domestic water supply in
Southern Tuolumne County is the Groveland Community Services District
System. The original system was constructed in 1955, and water was pumped
from a well. The well subsequently became an unsatisfactory source of
supply from the standpoint of both quantity and quality of water. In late
1965, facilities were constructed whereby Hetch Hetchy Aqueduct became the
source of supply. The facilities, ^ich cost about $1*^0,000, were
financed by a Davis-Grunsky loan administered by the Department of Water
Resources. They consist primarily of a submersible pump in the Second
Garrotte Shaft, a pipeline leading from the pump to a 500,000-gallon
storage tank on a hillside above Groveland, and a pipeline from the tank
leading to the distribution system \rtilch serves about 70 connections in
the community of Groveland. The citizens of Big Oak Flat have petitioned
for annexation to the District in order to obtain a reliable water service
for their community.

Except for Groveland, domestic water is supplied from wells.
Most of these wells are in the upland soils, which can be considered
essentially as nonwater bearing. The yields from these wells are low and
in many instances the quality is poor because of high iron concentrations.

Bulletin No. 96 reported that use of water in year I960 in
Southern Tuolumne County was estimated to be 250 acre-feet annually for
irrigated agriculture and I60 acre-feet annually for domestic use. It was
beyond the scope of this investigation to i^-evaluate the land and water
use projections for all of Southern Tuolvumie County.
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TABLE 1

MEAN, MAXIMUM, AND MINIMUM ANNUAL^/ PRECIPITATION
AT SELECTED STATIONS IN OR NEAR SOUTHERN TUOLUMNE COUNTY
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TABLE 3

STREAM GAGING STATIONS IN OR NEAR SOUTHERN TUOLUMNE COUNTY

Stream Station

: Drainage: Periods
:Area, in: of
; Sq. Mi.; Record

: Source
: of
rRecords1/

Big Creek

Cherry Creek Canal
Cherry Creek
Cherry Creek

Cherry Creek
Clavey River
Corral Creek
Eleanor Creek
Golden Rock Ditch
Jawbone Creek
Moccasin Power-

plant Discharge
Modesto Csnal
San Francisco

Tunnel Diversion
Sierra and San

Frajicisco Power
Company Canal

Tuolumne River
Tuolumne River
Tuolumne River
Tuolumne River
Tuolumne River

Tuolumne River
Tuolumne River
Tuolumne River,

South Fork
Tuolumne River,

South Fork
Tuolumne River,

South Fork
Tuolumne River,

South Fork
Tuolumne River,

Middle Fork
Tuolumne River,

Middle Fork
Turlock Canal
Woods Creek

near Groveland

near Early Intake
near Early Intake
below Cherry Valley

Dam
near Hetch Hetchy
near Buck Meadows
near Groveland
near Hetch Hetchy
near Sequoia
near Tuolumne

near Hetch Hetchy
near La Grange

near Hetch Hetchy

near La Grange
at La Grange Bridge
near La Grange
above La Grange Dam
near Jacksonville
near Buck Meadows

above Early Intake
near Hetch Hetchy

near Buck Meadows
near Oakland
Recreation Camp

near Sequoia

at Italian Flat

at Oakland
Recreation Camp

near Mather
near La Grange
near Jacksonville
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TABLE h

ESTIMATED AMUAI/i/ NATURAL RUNOFF AT SELECTED LOCATIONS
IN THE TUOLUMNE RIVER BASIN
(in Thousands of Acre -feet)



TABLE h (Continued)

ESTIMATED ASmM^ NATURAL RUNOFF AT SELECTED LOCATIONS
IN THE TUOLUMNE RIVER BASIN
(In Thousernds of Acre -feet)

Water
Year

: : Middle Fork -.South Fork
: Tuolumne: Tuolumne : Tuolumne
: River : River at

Big Creek: near : Oakland
near : Hetch : Recreation

Groveland: Hetchy ; Camp

River near: Tuolumne River
Oakland : aboye La Grange
Recreation: Annual£/:Percent of 50-

Camp : Runoff : Year Average

1950-51
52

53
5U

55

1955-56

57
58

59
60

1960-61
62

63
6U

65
66

1U.3
21.1
U.O

3.5
2.2

22.8
2.5
19.8
2.0
3.1

0.5
9.6

10.6
i.k

lU.i
k.e

993
1,129
676
589
51U

1,258
6U6
990
k3k
U69

376
783
838
1+85

1,058
62U

77
105
i^l

kk
28

115
k2
88

25

25

15
U8

58
27
78

39

93
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CHAPTER III. rorURE WATER DEVELOPMElfT

Future water developments in Southern Tuolumne County will
probably play an important part in the overall development of the area.
Construction of the New Don Pedro Project by the Turlock and Modesto
Irrigation Districts and the City and County of San Francisco will create
new recreation resources in the Southern Tuolumne Coimty foothills. The
operation and maintenance of the Hetch Hetchy Project by the City and
Covmty of San Francisco, inclxiding probable future expansions, will con-
tribute in the future to the local area. The most significant futiure

benefits to the local area, however, would result from local water projects
as proposed in this report.

Futture Development by Turlock and Modesto
Irrigation Districts and the City and Coimty of San Francisco

New Don Pedro Dam and Reservoir, a Joint enterprise of Turlock
and Modesto Irrigation Districts and the City and Co\mty of San Francisco,
is scheduled for construction in the near future. The new dam is to be
located about one mile downstream fj^an the existing dam and will create a
reservoir with a capacity of 2,030,000 acre-feet.

New Don Pedro is a multiple-purpose project for irrigation,
municipal water sxipply, power, flood control, recreation and fish enhance-
ment. The enlarged reservoir will regulate Tuolumne River flows to a far
greater extent than the existing 290,000 acre-foot reservoir and will
provide a greater firm yield of water for both the Irrigation Districts
and the City and County of San Francisco. The New Don Pedro Powerhouse
will have an instal 1 ed capacity of 150,000 kilowatts, an increase of

112,500 kilowatts over that of the existing powerhouse.

Although the City of Sem Francisco will not physically obtain
its water from New Don Pedro Reservoir, releases of the City's water frcm
New Don Pedro Reservoir for use downstream will be in exchange for water

to be exported by the Hetch Hetchy System.

Turlock and Modesto Irrigation Districts have filed an

application for a Davis -Grunsky grant for the portion of the costs of

New Don Pedro Dam and Reservoir to be allocated to recreation emd fish

emd wildlife enhancement. The District's proposed plans for recreation

development call for major recreation facilities in the vicinity of the

new dam and other fewiilities at Moccasin Point.

In addition to its participation in the construction of New Don

Pedro Dam and Reservoir, the City has plans for enlarging Lake Eleeinor.

Althou^ Lake Eleanor lies Just outside Southern Tuolumne County, access

to Lake Eleanor is through Southern Tuolimine Coimty and the water from

Lake Eleeinor is used for power generation at the Dion R. Holm Powerhouse.

Water from Lake Eleanor must flow through a tunnel into Lake Lloyd thence
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into the Holm Powerhouse. At the present time the maxim\im water level
in Lake Eleanor is about kO feet lower in elevation than the maximum
water level in Lake Llojrd. The proposed enlargement of Lake Eleanor will
increase the firm yield and thereby enhance the operation of the two
reservoirs

.

Another potential hydroelectric power project in Southern
Tuolimine County is a pi^Dject to use the regulated flow from the Holm
Powerhouse. About 1,U00 feet of head is available between the Holm
PowerhoTise and New Don Pedro Reservoir.

Previous ProposaJ-s for Local Development

The Department of Water Resources is the only agency that has
conducted a conprehensive water resources investigation of Southern
Tuolumne County, ajad the results were published in a preliminary edition
of Bulletin No. 96, entitled "Southern Tuolumne Co\mty Investigation".
Reservoirs studied during that investigation included the proposed Harden
Flat, Burch Meadows and Grovelaind Reservoirs. These three reservoirs, as
presented in Bulletin No. 96, are discussed below.

Harden Flat Dam and Reservoir

The Harden Project (a multiple -purpose project including power,
recreation, fish enhancement, and domestic water supply) included an
eeirthfill dam on the South Fork of the Tuolumne River at Harden Flat.
The dam wovild create a reservoir having a capacity of 1+2,000 acre-feet
and a surface area of k^O acres. The primary purpose of this feature of
the project was power with recreation of secondary importance.

Burch Meadow Dam and Reservoir

The Harden Project included a Burch Meadow Dam and Reservoir
to be formed by construction of a modified homogeneo\is earthfill dam on
Big Creek near Smith Station. The dam would create a reservoir having a
capacity of 3>550 acre-feet and a surface area of I88 acres. Becaiise of
the small watershed area tributary to the damsite {2.k square miles) , an
import of water from Harden Flat was proposed for initial filling and to
maintain a full reservoir. The purposes of Burch Meadow Reservoir were
recreation and domestic water supply.

Groveland Dam ajid Reservoir

The proposed "Groveland Project" included an earthfill dam on
Big Creek approximately 2 miles northeast of the ccmmunity of Groveland.
The dam would create a reservoir having a capacity of Uo,000 acre-feet
and a surface area of 570 acres. The pvirposes of the reservoir were
power, domestic water supply and recreation. Most of the inflow
to the reseirvoir wo\ild be supplied by diversion of the South Fork
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Tuolumne River at Harden Flat into the headwaters of Big Creek near
Groveland Ranger Station. A minor portion of the inflow wo\ild be from

the natviral riinoff of Big Creek.

Recreation Potential of
Southern Tuolumne County

The scarcity of public water-associated recreation ha^ hampered
the economic development of Southern Tuolumne County. Water-associated
recreation in the national park portion of the area is confined to a few

accessible stream sites. The U. S. Forest Service lists kd camp units

within 5 miles of Highway 120 between Groveland and the Yosemite National

Park Boundary. Althoxigh the variety of recreation opportunity at these

camp sites is limited, the camp sites are used to capacity. Firrthermore

,

many campers are using undesignated camping areas which have no facilities

available. Recreation reservoirs as proposed herein for the central and

eastern portion of Southern Tuolumne County would provide additional

facilities with greater variety of recreation opportunities and woiild

enhance the natural beauty of the area.

New Don Pedro Reservoir will create new recreation resources

and will provide additional recreation facilities in the foothill region.

The reservoir, which will be located in the foothill area at an elevation

of about 800 feet, will satisfy a daaand for water-associated recreation

activities such as warm water fishing, boating, and water skiing. It will

not satisfy a demand for camping, picnicking, hiking, and sight-seeing

in the mountainous and forested areas to the east which have the advan-

tages of a cooler c3_Lmate, seclusion and natural beauty.

There axe many reasons why Southern Tuolumne County can be

considered as having an excellent potential for the development of water-

associated recreation facilities. Among these are:

1. Access to proposed water-associated recreation develop-

ments is excellent. This type of developnent would be within

3 miles of Highway 120, the northern entrance to Yosemite National

Park, which traverses the area. Highway 120 is the shortest route

to Yosemite National Park from the San Francisco Bay, Sacramento,

and Stockton metropolitan areas. In addition, many out-of-state

visitors from the Pacific Northwest and from the East via Highway 80

will use this route to Yosemite.

The use of Highway 120 as a route to Yosemite is expected

to increase greatly as a result of planned improvements. In

November I966, the National Park Service designated it an all-

year highway. The recently completed reach from Buck Meadows

to Crane Flat is a high speed, two-lane highway. There remains

a 25-mile reach from Chinese Camp to Buck Meadows which is

steep, winding and narrow in many places. The portion of this

reach from Chinese Camp to Priest will be relocated and improved

when the New Don Pedro Project is built.
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2. There is a scarcity of recreation reservoirs in this por-
tion of the Sierra Nevada. The closest recreation reservoir south
of the Tuolumne River is Bass Lake, in Madera County, a straightline
distance of 38 miles to the south. The actual distance by highway
through Yosemite Valley is much greater.

3. The area has scenic beauty and climate suitable for recrea-
tion developments. The Tuolumne River Gorge drops from 1,CXD0 to
2,000 feet from the adjacent lands in the central portion of the area
and forms an interesting escarpment along the northern boundary.
Attractive meadow lands sis well as moderately to heavily forested
lands are available as recreation sites. Nighttime temperatures are
much more pleasant than in the foothills and valley.

k. Additional camping facilities in Southern Tuolumne County
would help alleviate the over-use of facilities and congestion in
Yosemite National Park. The Park Service plans to eliminate the
uncontrolled suid haphazard canrping of the past. Camp areas will be
divided into camp sites, and tents will be spaced farther apart.

Because of these changes in National Park policies concerning camping
in Yosemite Valley, many future visitors to Yosemite will have to
camp outside the Park. Camping facilities proposed in Southern
Tuolumne Covinty would offer the camper a pleasant side trip into the
Park.

The above specific reasons combined with the general reasons
of (1) population increase, (2) more leisure time, and (3) improved
means of transportation will result in a great increase in demand for
recreation facilities in Southern Tuolximne County.

Domestic Water Dememds

Domestic water demsmds for Southern Tuolumne County were esti-
mated by using projections of popiiLation and unit delivery requirements.
The projections of pop\ilation and the unit delivery requirements were
based on a reappraisal of studies conducted for the Southern Tuoltimne

Investigation.

Population Projections

A review of population projections for Southern Tuolumne County
presented in Bulletin No. 96 indicated that the projections were reason-
able. Classification of population types in Bulletin No. 96 included
urban, suburban, rural, and recreation. Urban, suburban, and rural resi-
dents were considered to be year-round residents j recreation residents

included those residing in summer homes, motels, hotels, and trailer parks,

In this investigation, suburban and rural residents were combined under
the classification of rural. The following is a tabulation of year i960
and predicted yesir 2020 populations in Southern Tuolumne County.
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TABLE 7

PROJECTED POPULATION WITHIN THE PROJECT SERVICE AREA
(in Number of Permanent Residents)

Type of



Planning Considerations

The first step In planning a local water project for Southern
Tuolumne County was to Identify possible project purposes. Information
from prior investigations indicated that irrigation, power, and flood
control wovild probably not prove to be justifiable.

Land classification sturveys made for Bulletin No. 96 showed
8,^30 acres of potentially irrigable agricultural lands in Southern
Tuolvmine County. It was found, however, that no project covild be foimu-
lated which would supply water for commercial eigriculture at a cost
within the ability of the xisers to pay. Cursory estimates made during
this investigation have supported that conclusion.

The Harden Project presented in Bulletin No. 96 was found to
have the greatest potential of several alternatives to develop the water
resources of Southern Tuolumne County, based on the inclusion of power
as a project purpose. As previously mentioned, the power function of the
project has become economically unjustified because of increased con-
struction costs and decreased values for hydroeiectric energy.

The New Don Pedro Project will provide flood control storage
space in such an amount that potential flood control benefits for other
projects on the Tuolumne River would be small. Since no significant flood
problems were found in the area, flood control was not included as a
possible project piirpose.

Thus the primary consideration in formulating projects during
this investigation was for the purposes of recreation, fish and wildlife
enhancement, and domestic water supply. With recreation as a primary
project purpose, the important factors in the selection and sizing of
reservoirs included natural beauty, accessibility, and the location and
availability of land suitable for recreation. For these reasons addi-
tional reservoir sites were considered.

Geologic Studies

Geologic studies conducted for this investigation consisted
of surficial geologic reconnaissance studies of possible storage dam and
reservoir sites, diversion damsites, and conduit routes. A brief eval\ia-

tion was made of the type and location of materials suitable for construction
of embankment-type dams.

Studies of storage dams included identification of channel and
abutment fovmdation rock formations, estimates of stripping and grouting,

and recommendations of types and locations for the embankment, spillway,

and outlet works. Estimates of the source, available quantity, and

suitability of embankment construction materials were inclxided. The
possibility of reservoir leakage was noted.
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Geologic stxidies of potential diversion damsites consisted of
surficial investigations, incliiding identifications of channel and abutment
rock formations and estimates of stripping and trimming. No construction
problems were anticipated.

From the geologic standpoint, all possible features investigated
were found to be engineeringly feasible.

Designs and Cost Estimates

Designs and cost estimates with one exception were made for
possible project features to the degree of detail used by the Department in

reconnaissance level studies. Possible project features included storage
dams and reservoirs, recreation facilities, diversion dams, pipelines,
pimping plants, a pump-turbine plant, and water treatment facilities. The
one exception was that recreation facilities costs were based on a unit
cost per capacity basis. The \init cost was determined for a similar type
recreation reservoir located in the Sierra Nevada.

Project features were designed in accordance with standard
engineering practices. Alternative designs were evaluated to asstire

that the most economical design would be considered for a given size or
capacity of a project feature.

Estimates of capital costs of all project features, present ajid

future, were based on prices prevailing in I967 and incuded costs of
construction, land acquisition, and road relocation. The cost of acquisi-
tion of private lands and improvements for reservoirs and recreation
purposes was based upon market data obtained from recent sales in the area.

Ownerships of lands and improvements were determined from the Tuolumne
County assessor's office, and the boundeuries of acquisition are based
thereon.

Estimates of capital costs include alloweinces for engineering,
administration, construction contingencies, and interest during con-
stiniction.

Estimates of annual costs include replacement, operation,
maintenance, axid amortization of the capital investment during a 50-year
repayment period at an interest rate of four percent. No allowance was
made for escalation of future capital or annual costs.

Estimates of Benefits

Project purposes include recreation, fish enhancement, and
domestic water supply. A review of project proposals by the California
Department of Fish and Game indicated that project proposals would have
no wildlife enhancement benefits; but rather a slight detriment would
be caused by the invindation of wildlife habitat.
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Recreation Benefits . Estimates of anticipated recreation
benefits were made to evaluate this function of the proposed projects.
Recreation benefits are estimated by multiplying a monetary value
assigned for a visitor-dayi/of use by the n\anber of anticipated visitor-
days attributable to the project.

The unit value for a visitor-day and the nvmber of anticipated
visitor-days have been estimated in a general manner for this study.
These estimates should be refined by more detailed recreation use studies
before any project described herein is proposed for constznction.

The Depsurtments of Water Resources and Parks and Recreation have
adopted a "Statement of Guidelines" for evaluating recreation activity and
resources in connection with water resovirces development. This statement
of guidelines provides for general recreation benefits in terms of two
factors: (l) variety and quality of recreation, and (2) esthetic quali-
ties of the site. The statement specifies that these factors axe to be
given equal weight and that the sum of the factor ratings will be used
in establishing the \mit value per visitor-day of use within a $0.50 to
$2.50 range. A detailed description of this method of estimating unit
values of general recreation use is presented in Appendix A.

Projections of the amount of recreation use were made from
extensions of State and Stanislaus National Forest trends, which were
assumed to continue. These projections indicate that in 1970, 2.76
percent of aJ-l camping in California will occur in the Stanislaus National
Forest and that 25 percent of the Stanislaus NationaJ. Forest use will occur
in Southern Tuolumne County. Based on these projections, camping in

Southern Tuolumne County was estimated to be 250,000 visitor-days ajinually

in 1975, increasing to 665,000 visitor-days ann\ially in 2005- Day use
projections were derived in the same manner. Day use projections indicate
100,000 visitor-days emnually by the year 1975 > increasing to 265,000
visitor-days annually by the year 2005.

Estimates of visitor-day use at proposed recreation reser-
voirs are presented in Chapter V.

Fish Enhancement Benefits . The State Department of Fish and

Game has evaluated the fishery potentials of the possible reservoir „ /

sites. These studies provided the basis for estimates of angler-day-'

use at the proposed reservoirs. Anticipated fish enhsuicement benefits

were based on the proportionate number of visitor-days which would

result from the reservoir fishery. The same unit value was used for

fish enhsuicement as for other types of recreation.

1/ One visitor-day represents use by one visitor for any portion of a

day regardless of the number of activities in which he participates.

2/ Angler-day is similar to visitor-day of recreation use with angling

as a primeury activity.
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Domestic Water Supply Benefits . The "Alternative Cost Method"
was used to estimate benefits that would accrue from domestic use of

water from a proposed project. In this method, alternative projects

to supply water of equivalent quality to the same point of use as the

proposed project are evaluated. The least costly alternative limits the

measure of benefits to be derived from the proposed project. Alternative

sources considered were ground water, direct diversion of streamflow,

the Hetch Hetchy Aqueduct, and possible storage projects.

Operation Studies

Reservoir operation studies were made to determine the avail-
ability of water during critically dry periods to supply domestic water
demands and provide for evaporation losses. The operation studies al.so

provided pertinent information on reservoir drawdown assuming a repetition
of r\inoff that occiirred during the UO-year period 1926-27 through I965-66.

The amount and timing of drawdown has an important beaxing on recreation
and fish enhancement benefits.

Proposed operations are shown in Tables 28 through 33 of

Appendix B.

Water Rights . Water rights were considered in planning the
proposed dams and reservoirs. Proposed reservoirs would alter the amount

and pattern of runoff from streams and thereby affect the water available

to downstream users.

This report does not purport to interpret or adjudge the water

rights on the Tuolumne River; however, in the operation studies, the

rights of downstream interests were considered. Downstream interests

include the Modesto, Turlock, and Waterford Irrigation Districts and the

City and County of San Francisco.

An agreement dated December 2, I963 between Tuolumne County

Water District No. 2, the City and County of San Francisco, and Modesto
and Turlock Irrigation Districts contains certain provisions regarding

water rights applications and stipulations regarding the operation of

reservoirs proposed by Tuolumne County Water District No. 2. The most

important provision regarding future projects in Tuolumne County states

that the downstream interests will not oppose future applications to

appropriate water by the County of Tuolumne for any project in Tuolumne
County involving domestic uses and essentially nonconsumptive iises such

as recreation and fish and wildlife enhancement, provided that the
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proposed project is feasible ajid the Coiinty is willing to agree to an
operation criteria similar to that appended to the December 2, I963
agreement

.

Provisions in the operating criteria referred to that would most
affect the operation of reservoirs in Southern Tuolumne County are
essentially as follows:

1. When the forecasted natural April through July runoff of
Tuolumne River at La Grange is less than 1,000,000 acre-feet
(hereinafter referred to as "dry years") , depletions in streamflow
for the period from October 1 of each year to September 30 of the
succeeding year shall not exceed streamflow accretions during the
same period. (Streamflow depletions are caused by storage increases,
consimiptive use, and evaporation. Streamflow accretions are derived
from reservoir releases in excess of the natural flow which would
have occurred at the damsite.)

2. During dry yesirs, sufficient releases from storage shall
be made in advance of September 1 so that with normal releases
only during September the streamflow depletions for the previous
12-month period shall not exceed the streamflow accretions.

3. When the forecasted natijral April through Jvily runoff of
Tuolumne River at La Grange is more than 1,000,000 acre-feet
(hereinafter referred to as "normal or wet years") , no depletions

are allowed at any time when the computed natural flow at La Grange
drops below 2,5l6 cubic feet per second.

In addition to the above provisions, a limit of 5>000 acre-

feet was put on the amoimt of annual use in the case of Tuolumne County
Water District No. 2. This latter provision and other provisions in

the operating criteria probably would not seriously affect the proposed
operation of reservoirs.

Provision 1, however, would seriously affect the proposed

operation of reservoirs. Water co\ild be stored temporarily during dry

years but would have to be released prior to September 30 in order that

streamflow accretions would balance depletions. In effect, during dry
years , domestic demands and reservoir evaporation would have to be supplied
by withdraweils of water stored during previous years. Dioring the 1+0-year

historical period 1926-27 through I965-66 , there was one period of four
consecutive dry years and one of three consecutive dry years. To meet

this provision it is necessary to provide active storage equsLL to

approximately foirr times annual domestic demands and evaporation during

the dry period. Sixteen of the kO years were dry, or ^+0 percent of the

years were dry and 60 percent were normal or wet.

Provision 2 limits the releases in September of dry years to

"normal releases". (The rate of flow for a normal release is not defined.)

The piirpose of this provision is to prevent excessive releases in

September for the purpose of balancing prior streamflow depletions. With
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recreation a primary project ptirpose, it is desirable to hold reservoir
water surface levels as constant as possible during the recreation
season; releases made in J\ily and Augxxst would draw from storage and
would be detrimental to recreation.

Provision 3 limits the duration of time when depletions could
occ\ir during normal and wet years. In a normal year such as I962, there
woiHd be a period of about six months when storage co\ild not be increased
and consumptive use and evaporation losses wotild be supplied from storage
withdrawals

.

The December 1963 agreement previously referred to stated that
future projects in Tuolumne Coimty would not be opposed by downstream
interests if reservoirs were operated according to "similar" criteria.

In the case of possible reservoirs in Southern Tuolumne County, the
criteria would have to be modified because of the differences of factors
involved.

Almost all of the runoff at the Shanahan Flat damsite is from
rainfall which occurs prior to April 1. The forecasted April through
July runoff at Tuolumne River at La Grange (Provision l) coiild not be
used in determining storage operation. Water would have to be stored
at the time of inflow, and subsequent adjustments could be made by

releases from storage. This modification woiild affect Provision 3
also. At the time of runoff into the proposed Shanahan Flat Reservoir
it would not always be apparent whether or not the natural flow of
Tuolumne River at La Grange were in excess of 2,5l6 cubic feet per second.

In regard to Provision 2, the proi>osed reservoirs and con-
sumptive use in Southern Tuolumne County are so small that this provision
was not considered to apply. Releases necessary to make streamflow
accretions balance depletions in dry years would ell be made in September.

With demands estimated to occur in the year 2005, approximately 1,200
acre-feet would have to be released in September after a single dry
year. This would amount to a continuous rate of only about 20 cubic
feet per second, which could be considered as a "normal release". After
four consecutive dry years, with year 2005 demsuids, about 3>800 acre-
feet would have to be released in September of the fourth dry yestr.

This is equivalent to a continuous flow of 6U cubic feet per second.

These small flows would have a negligible effect on New Don Pedro Reservoir

operation. Year 2005 was cited in the example because it represents the

approximate midpoint of the 50-year project life.

The following criteria in regard to water rights were vised

in operation studies:

1. Dry years would be determined by the computed natural
flow of the Tuolumne River at La Grange. If the April through
Jiily runoff is less than 1,000,000 acre-feet, the year would be

designated as dry.

2. Proposed reservoirs would be able to store inflow from
winter and spring rainfall runoff. Adjustments for over-storage
covild be made by releases at a later date.
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3. Releases necessary to make dry year streamflow accretions
balsmce depletions would be made at a constsint rate during September
of the dry year.

k. During dry years, streamflow depletions caused by one
reservoir could be balanced by streamflow accretions from another
reservoir.

5. During normal and wet years, operation of proposed reser-
voirs would be deemed as not causing any interference with downstream
interests

.

The above operating criteria are not intended to be aji inter-
pretation of water rights. An operating agreement between sponsors of a
proposed project and the downstream interests would be necessary before
the project could be constructed. The criteria are similar to that of
the December 1963 agreement between Tuolumne Covmty Water District No. 2

and the downstream interests , with necessary modifications included to

make proposed operations workable.

Net Evaporation . Net evaporation losses frcm the reservoirs
were used in the operation studies for this investigation. Net evapora-
tion is the evaporation from reservoirs less the evapotranspiration

frcm the reservoir sites which would occur if the reservoirs were not

constructed.

The procedure of computing net evaporation for each reservoir is

presented in Chapter IV, "Proposed Projects".

Recreation Reservoir Sites

The three reservoir sites considered in the preliminary edition

of Bulletin No. 96 (Harden Flat, Burch Meadow and Groveland) were

re-evaluated. Additional sites were also selected and studied , making

\ise of available topographic maps and aerial photographs in conjunction

with field reconnalsssmce.

Altho\igh the Harden Flat and Groveland Reservoir sites have

the best potentials for providing large amounts of storage, there is a

scarcity of lands surroiinding the sites suitable for recreation develop-

ment. At Harden Flat, a reservoir with an area of 86 acres and a capacity

of 1,830 acre-feet would inundate almost all lands suitable for recreation

development. The Groveland site has the disadvantages of having little

tree cover and relatively steeply sloping lands surrounding the proposed

reservoir. There is a sma3JL area to the north of the reservoir site

suitable for recreation development.

The Burch Meadow site offers an attractive setting, is located

adjacent to Highway 120, and has a large amoiint of surrounding land

suitable for development. It has disadvantages, however. Geologic

studies indicate that the north hsif of the reservoir site is underlain
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by pervious tertiary gravels which extend into the Kassabaum Meadow area

to the north. Reservoir leakage could present a serious problem. It
was beyond the scope of this investigation to conduct extensive geologic
studies necessary to estimate the amount of leakage and determine whether
an economical method could be found to reduce leakage. Another disadvan-
tage is that water would have to be imported to Burch Meadow Reservoir
for initial filling and maintenance of a full reservoir because the 2.k
square mile watershed tributary tc the reservoir has an estimated mean
annvial runoff of only 900 acre-feet. During the 4-year drought period
frcai 1928 through 193I the estimated average annual runoff was only 2^40

acre-feet. The Middle and South Forks of the Tuolumne River offer the
most economical sources of water for export to Burch Meadow. Facilities

required would include approximately five miles of pipeline and a pump

which would lift the water about 500 feet.

Two additional reservoir sites in Southern Tuolumne Coimty were
found which were worthy of consideration. These were the Stone Meadow
site on an unnamed tributary to the Middle Fork of the Tuolumne River
about two miles south of Mather and the Shanahan Flat site on Big Creek
about one mile west of Smith Station.

The Stone Meadow site appesjrs to offer the greatest recreation
potential of any reservoir site in Southern Tuolumne County. Good access
is provided by about 3 miles of paved road from Highway 120. The reser-
voir is at an ideal elevation of U,500 feet; the hot, dry climate of the
lower elevation is avoided as well as the chilling nighttime tanperatures
of higher elevations. Surrounding the reservoir site is a moderate to
dense coniferous forest, which would provide the camper with shade suid

seclusion. Over 300 acres of land with slopes of 20 percent or less are
adjacent to the resejrvoir site and would provide an excellent location
for recreation facilities.

The Shanahan Flat site was selected as an alternative to the
Burch Meadow site. Although the amount of developable land surrounding
the reservoir site is not as great as for Burch Meadow, it does not have
the disadvantages of Burch Meadow previovisly mentioned. Reservoir
leakage is not anticipated , and an import of water from the Middle or South
Fork of the Tuolimme River would not be necessary until far into the
future. The mean annxial runoff from the 7. 8 -square-mile watershed tribu-
tary to the reservoir was estimated to be 2,950 acre-feet.

Shanahan Flat Reservoir wotild be located about one-fourth mile
from Highway 120. The young coniferous forest surrounding the reservoir
would provide natural beauty and shade for the recreationist. Several
small valleys along streams tributary to the reservoir provide secluded
area^ for camping. Shanahan Flat Reservoir would extend upstream almost
to Bxirch Meadow, and the picturesque Burch Meadow could be available for
development in conjunction with the Shanahan Flat developnent.

Fish Enhancement Possibilities

Fish enhancement benefits would accrue primarily to reservoirs.
Pour reservoir sites were evaluated by the California Department of Fish
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and Game: Stone Meadow, Burch Meadow, Shanahan Flat, and Groveland. The
Stone Meadow site was considered as suitable for a cold-water trout
fishery; the others would be predcaninantly warm-water fisheries.

Consideration was given to the possibility of enhancing stream
fisheries by releasing water from the proposed Stone Meadow Reservoir to
augment the late summer and autumn low flows of the Middle and South Forks
of the Tuolumne River. An evaluation revealed that reservoir drawdown
caused by such releases would resiilt in more detriment to recreation and
the reservoir fishery benefits than would be gained from stream fisheries
enhancement benefits.

A brief evaluation was made of the possibility of maintaining
a year-round live stream to provide a fishery on Big Creek. Because of
the limited natural runoff of Big Creek and the expense of in5)orting water
from the Middle or South Forks of the Tuolumne River, this possibility
was fOTind to be infeasible.

The evaluation of reservoir fisheries is presented in Chapter V,
"Economic Considerations".

Alternative Sources of Domestic Water Supply

Alternative sources considered a^ possible means of meeting
domestic water siipply demands included (l) increased development of
ground water, (2) diversion from the Hetch Hetchy Aqueduct, (3) direct
diversion from perennial streams, and (k) storage reservoirs on Big
Creek.

Increased Development of Ground Water . As was explained in
Chapter II, the only water bearing rocks having a possibility for develop-
ment of an area-wide water supply are the tertiary gravels near
Smith Station. Insufficient data are available on the volimie of storage
available and on the natural recharge characteristics of these gravels to

make a reliable estimate of the ground water yield.

A report titled "Feasibility Report, Groveland Use of Hetch
Hetchy VJater" by Darrhl Dentoni, Cons\ilting Engineer for Groveland
Community Services District, concluded that although wells in the tertiary
gravels could be termed good, they do not produce flows large enough
for the ajiticipated growth of the area. The report aLLso concluded that

the Hetch Hetchy Aqueduct was a preferable source of supply.

Diversion from Hetch Hetchy Aqueduct . Diversion from the Hetch
Hetchy Aqueduct at the Second Garrotte Shaft provides the water supply for
the commiinity of Grovelajid. The water is of vinquestioned high quality,

requiring only chlorination as treatment. This source has the advantage

of having the least initial cost of all the silternative sources. It has

a disadvantage that continuing water costs are high. At the present rate
of use, water charges by the City of Saji Francisco Public Utilities
Commission amount to about $100 per acre-foot and piomping costs to lift
the water approximately 960 feet amo\int to about $30 per acre-foot.
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Direct Diversion from Perennial Streams . Brief estimates were
made of possible slngle-piirpose alternatives to supply domestic water by
diversions from the South Fork, Middle Fork, or Main Stem of the Tuolvunne

River. Conveyance distances to the service area and pumping heads were
found to be so great as to render these sources Infeaslble. Furthermore,
there wovild probably be a water rights problem because streamflows would
be depleted dvirlng dry years.

Storage Reservoirs on Big Creek , Big Creek is an ephemeral
stream, and storage wovLLd have to be provided to use this source for a
domestic water supply. The runoff fixim Big Creek is sufficient to meet
domestic water demands fax into the future with a nominal amount of
storage. There are no other ephemeral streams within the area with run-

off sufficient to be considered for an ajrea-wlde water svtpply. A multiple-
pxirpose reservoir could also include recreation and fish enhancement with
costs allocated to these purposes reducing the costs allocated to domestic
water supply.

Analyses of water samples taken from Big Creek indicate that
the water is of excellent mineral quality, however, the water would require
treatment in addition to chlorination before it could be used as a domes-
tic supply.

Project Selection

Many alternatives were considered in formulating a plan to de-
velop the water resources of Southern Tuolumne County for recreation,
fish enhancement, and domestic water sxipply. Some alternatives were
eliminated after brief appraisal; others required detailed estimates of
costs and benefits to devise the best plain.

Alternative plans for conveying water from the Middle and South
Forks of the Tuoliomne River to the headwaters of Big Creek were evaluated.
Among plans considered were (l) diversions at Harden Flat and conveyance
along the SLLignment of the abandoned Golden Rock Ditch, (2) pumping from
the Middle or South Forks of the Tuolumne River and conveyance to Big
Creek, and (3) lifting water by a turbine-pump unit. The turbine -pimitp

unit, located downstream from the Highway 120 bridge over the South Fork,
would receive water through a pipeline diversion from the Middle Fork,
and pimrp a portion of the diversion through a pipeline to the Big Creek
basin. Alternative conduit types included pipelines, lined and unlined
canals, and bench flumes. The turbine-pump scheme provided the most
economical means to import water to Big Creek.

Five possible reservoir sites were evaluated: Stone Meadow,
Harden Flat, Burch Meadow, Sheuiahan Flat, and Groveland. The HaLrden Flat
ajid Groveland reservoir sites proved to have the least potential for rec-
reation because of the lack of developable lands for recreation. The Stone
Meadow site has the greatest recreation and fish enhancement potential.

Whether to recommend B\irch Meadow or Shanahan Flat Reservoir as

a project featvire was a difficult decision. The Burch Meadow site was
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considered by the California Depeirtjnent of Parks and Recreation to be
superior to the Shanahain Flat Site, eLLthough both sites have good potential
as recreation reservoirs. Project costs, however, would be much higher
with Burch Meadow Reservoir as a project feature. The dam and reservoir
would be more expensive, and an estimated additional initial capital
expenditure of $802,000 to import water would be required. Furthermore,
the problem of reservoir leakage at Burch Meadow could not be resolved.

In comparing benefits and costs, the Shanahan Flat Reservoir
had a slightly greater benefit-cost ratio. Indirect benefits, although
not evaluated in monetary terms, favor Shanaham Flat. The Shansihan Flat
Site is not particularly siiited for any type development other theui a
recreation reservoir, whereas the Burch Meadow site, adjacent to Highway 120,
is an attractive area suitable for residential hcanesites, a golf course, or
other uses.

In summary it was fo\ind that (1) net benefits of Burch Meadow
and Shanahan Flat Projects would be nearly equal ^ (2) the Burch Meadow
Project would be considerably more expensive, (3) the Burch Meadow Pro-

ject would preclude more alternative benefits, and (U) a serious problem
of reservoir leakage might occur at Burch Mesidow. Based on the above,

the Shanahan Flat Project was selected as a project feature. There was

little question but that Stone Meadow Reservoir should be selected because

it was (l) found to have the best recreation and fish enhancement potential,
and (2) well suited as a supplemental source of future water supply.

hi





CHAPTER IV. PROPOSED PROJECTS

This chapter contains descriptions and design considerations of
the physical features of the proposed projects. Proposed physical feat\ires
include (l) Stone Meadow and Shanaiian Flat Dams and Reservoirs, (2) asso-
ciated recreation facilities at each site, (3) two diversion dams ajid

associated conduits and appurtenent works, (k) a pumping plant and pipeline
to convey water to the project service area, and (5) water treatment
facilities. Plate 3 (page 35) presents a plan of the proposed development.

Stone Meadow Project

The Stone Meadow Reservoir site is located about two miles south
of Mather on an unnamed tributary to the Middle Fork of the Tuolumne River.
Access to the site is provided by about three miles of paved road from
Highway 120 near Carlon Guard Station. The proposed dam would be located
on the east line of Section 15, Township 1 South, Range 19 East, MDB and M.
Streambed elevation at the damsite is U,U20 feet. Portions of Section 15,
l6, 22 and 23, Township 1 South, Range 19 East would be inundated by the
reservoir. A diversion from the Middle Fork would provide supplementeLL
inflow for Stone Meadow Reseirvoir. The general featvires of the proposed /

Stone Meadow Dam and Reservoir and Mather Diversion are shown in Table 10-(

Design Considerations

Aerial, photographs of the dam and reservoir site were taken in

August of 1966 and a topographic map of the dam and reservoir area was
prepared at a scale of one inch equals kOQ feet with a contour interval of
ten feet. The topographic mapping was used to detemine the location of
the damsite axis, spillway, and outlet works; to determine strapping and

embankment quantities; and to determine the elevation-area-capacity charac-

teristics of the proposed reservoir.

The SLxis of the damsite is in a wide V-shaped streambed which
provides drainage from Stone Meadow. The gently sloping abutments are

mantled by decomposed granite with occasional outcroppings of residual

boulders and \mweathered granitic rock. The granitic bedrock exposures

«LLong the channel section are discontinuous and covered locally with sand

and gravel deposits and colluvial boulders. The unweathered granitic rock

is hard, massive, and moderately jointed at the surface.

The decomposed granite that mantles the abutments is soft and

friable at the sxirface but becomes firm with depth as unweathered bedrock

is reached. The depth of the deccsnposed granite is variable and is estimated

to range from zero to 20 feet on the abutments. An estimated average depth

of 5 feet would be required for abutment stripping and a depth of 15 feet

wovild be req\iired for the cut-off trench. Grouting requirements are expected

to be light.

The reservoir area would occupy Stone Meadow, a flat elongated

meadow bounded by gently sloping peripheral edges. The reservoir site is

17 Tables are placed at the end of the chapter.
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vuiderlain by granitic rock terrain. Leakeige from the reservoir is not
expected, and landsliding potential is virtually nonexistent.

The allttvial fill in Stone Meadow and the large volumes of
decomposed granite nearby woxild serve as potential impervious earthfill
materials. Pervious materials for rockfill, rip-rap, and filter drains
could be provided by developing a quarry on the south slope of Ascension
Moiintain or Sawmill Mountain.

To determine the spillway capacity, the probable maximum
flood inflow was routed through the reservoir. Because of the small
circular watershed area (3.15 square miles), a 6-hour stonn duration
produced the most critical flood. The peak inflow was estimated at
10,600 cubic feet per second, and the 6-hour runoff volume was estimated
at 1,900 acre-feet.

Dam

Based upon geologic ajid topographic considerations, a modified
homogeneous earthfill dam was found to be the most economical of several
engineeringly feasible types. The height of the dam would be 115 feet at
the maximum section, the crest length 1,080 feet, suid the crest width 30
feet. The upstream slope would be 3:1 and the downstream slope 2:1.
Figure 1 presents a plan view, a profile silong the axis of the dam, and a
cross section of theproposed dam.

Reservoir

The proposed reservoir would inundate a flat, elongated meadow
and gently sloping lands surrounding the meadow. The forested lands to
be inundated which surround the meadow would have to be cleared.

The proposed reseivoir woiild have a capacity of 8,500 acre-feet
and a surface area of 231 acres at a normal pool elevation of U,520 feet.
The elevation-capacity-area relationships of the proposed reservoir as
shown in Table 11.

SpiJJLway

The spillway would be of a chute type and would be located on the
left abutment. Althoiigh no natureil re-entry to the stream can be used, a
sharp bend in the stream below the dam would reduce the length of the
chute. The spillway wingwaJLls, weir, transition, ajid chute would be
foxinded on firm, weathered greuiitic rock and wo\ild be of concrete construction.

The estimated peak flow from the probable m£ixim\mi flood would be
reduced from 10,600 to 1,520 cubic feet per second by routing through the
reservoir.
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Outlet Works

The proposed outlet works woiild be of the cut-and-cover type

founded in the right side of the channel section in unweathered granitic

rock. A U8-inch steel pipe encased in reinforced concrete vro\ild convey

water from the inlet structure in the reservoir to an outlet structure

in the stream channel downstream frcan the dam. Two 36-inch gate valves

to control releases would be in a dry well located near the axis of the

dam. Access to the well would be provided by a vertical shaft extending

to the crest of the dam.

Mather Diversion

Diversion of Middle Fork flows would be necessary for initial

filling and maintaining a full reservoir at Stone Meadow because of the

small amount of runoff from the 3.15 square mile watershed above Stone

Meadow.

The proposed diversion dam would be located on the Middle Fork

of the Tuolumne River about one mile upstream from the Middle Fork

Campground. The streambed elevation at the damsite is about U,620 feet.

The cross section of the Middle Fork channel at the diversion
damsite is V-shaped with side slopes of about 30 percent. A siorficial

geologic investigation revealed that much of the channel section is

exposed, unweathered granitic rock with residual boulders, and the

abutments are covered with weathered granitic rock. Foundation prepara-
tion wo\iLd consist of removal of the weathered granitic rock on the

abutments and minor shaping of the channel section.

The proposed diversion dam wo\iLd be a concrete gravity structure
with an ogee-shaped overpotir crest. Water stored behind the dam would not

constitute a flood threat, therefore the dam was designed to pass a flood

having a recurrence interval of 100 years with one foot of freeboard below

the top of the wingwaJLls.

Outlets from the dam would be provided to discharge flows into

the stream below the dam and into a pipeline to convey water to Stone

Meadow Reservoir. Slide gates would regulate the flows. The reinforced-

concrete pipeline from the diversion dam to Stone Meadow Reservoir woiold

have a capacity of 25 cubic feet per second.

Under the proposed operation of the diversion, a minimum flow
of kO cubic feet per second or the entire natural flow, whichever is less,

would be maintained below the dam except in extremely dry years when the

minimum flow woiold be reduced to 20 cubic feet per second or the entire

natiiral flow.
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Proposed Operation

Stone Meadow Reservoir would be operated under the criteria

discussed in Chapter III.

Under the proposed operation, dry-year strearaflow depletions

from evaporation and consumptive use of water from both Stone Meadow
Reservoir and Shanahan Flat Reservoir would be balanced by streamflow
accretions from Stone Meadow Reservoir. This would enable both reservoirs

to remain almost full during the recreation season in all except extremely

dry years such as 1930-31 and I96O-6I. Tables 28 threnigh 30 of Appendix B
present the proposed operation of Stone Meadow Reservoir under conditions

of water supply which occurred during the l4-0-year period from 1926-27

through 1965-66.

Inflow . Inflow to Stone Meadow Reservoir would be from the

natural runoff of the watershed tributary to the reservoir and from the

Mather Diversion. Estimates of the natural inflow and the flow at the

Mather Diversion were made by correlations of the Middle Fork of Tuoliimne

River at Oakland Recreation Camp and near Mather. See Tables 3 and k of

Chapter II . Inflow to Stone Meadow Reservoir from the Mather Diversion
is shown in Column 8 of Table 28 in Appendix B.

The average annual natural runoff at the Stone Meadow damsite

for the 50-year period I916-I7 through I965-66 was estimated to be 1,790

acre-feet. The estimated annual runoff varied from a maximum in 1937-38

of 6,670 acre-feet to a minimum of 625 acre-feet in 1930-31. The estimated

inflow from the watershed tributary to the proposed reservoir is presented

in Col\imn 7 of Table 28 in Appendix B.

The estimated annual natural runoff at Mather Diversion for the

50-year period I916-I7 through 1965-66 was estimated to be 39,000 acre-

feet. The estimated annual runoff varied from a maximum of 100, 600

acre-feet in 1937-38 to a minimum of 9,1+^0 acre-feet in 1930-31.

The proposed Mather Diversion, which would have a capacity of

25 cubic feet per second, woulri divert an average of about 10 percent of

the flow at this point. Most of this diversion would return to the Middle

Fork through releases from Stone Meadow Reservoir. Estimates of the amount

of water which could be diverted were based on diversion capacity and

estimated daily flows at the diversion dam. As previously mentioned, a

minimum of ko cubic feet per second would be left in the stream in all but

extremely dry years when the minimum would be reduced to 20 cubic feet

per second.

Evaporation . In computing evaporation losses the concept of

"net evaporation" was used. Net evaporation is the difference between the

evaporation from the reservoir water surface and the evapotranspiration

which would have occurred from the area that the reservoir occupies ii the

reservoir were not constructed. This difference represents the increased

water loss due to the reservoir.
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There are several ways to compute net evaporation; however,
the following method appears to be the simplest and most direct: Net
evaporation equals the evaporation from the reservoir water surface minus
the rainfall on the reservoir water surface plus the runoff which would
have occuiTed from the reservoir area if the reservoir were not con-
structed.

The estimated annual evaporation and monthly distribution of
evaporation at Stone Meadow Reservoir was based upon studies of similar
reservoirs in the Sierra Nevada. The annual reservoir water surface
evaporation rate was estimated to be 3-6 feet. Precipitation on the pro-
posed reservoir was estimated by extension of records at the Mather
Station.

Releases. Under the proposed operation, the natural inflow
plus the diversion would be greater than the reservoir evaporation losses
and compulsory releases in all but extremely dry years. The average
annual inflow to the 8,500 acre-foot reservoir would be about 5>500 acre-
feet, or approximately 65 percent of the reservoir capacity. By maintaining
this inflow, no stagnation or algae problems should be encountered. The
small amount of drawdown that would occur during almost all years would be
replaced during the early part of the spring snowmelt runoff, and subsequent
inflow to the reservoir would be released immediately.

In addition to the usual releases above, releases would have to
be made in September of "dry years" in order that streamflow accretions
would balance the previous 12-month streamflow depletions.

Proposed streamflow releases and September dry year releases are
shown in Columns 11 and 12, respectively, of Tables £8, 29, and 30 of
Appendix B.

Estimates of future water demands indicate that Shanahan Flat
Reservoir could not meet the demands after year 2005 and that an import of
water would be required. It is proposed that this demand be met by releases
from Stone Nfeadow. The estimated amount of water to be released for export
under the year 2025 domestic demands is shown in Table 30 of Appendix B.

Recreation Potential

The location, climate, topography, vegetative cover, and natural
beauty would combine to assure an excellent setting for recreation facilities
at Stone Meadow.

Because of its proximity to Yosemite National Park, many visitors
would make this their base camp while visiting the park. Others would use
camping facilities here while hunting in the Stanislaus National Forest or
fishing in the streams and rivers nearby. Others would camp at Stone
Meadow Reservoir because of the pleasant summer nighttime temperatures,
the trout fishing, the swimming, horseback riding in the beautiful scenic
surroundings, or a combination of these.
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Day use of the facilities woiild be from highway travelers,

residents of sxumner homes, and organizations camping nearby without
water-associated recreation facilities.

The vegetation at the site is a heavy coniferous forest of
large, mature pines scattered throxighout dense stands of younger
trees. The area, to be inundated consists of meadow lands and scattered

pine trees. Some of the meadow lands extend above the proposed water
surface elevation and would make an attractive shoreline.

There is an sQjnost unlimited amoxint of gently sloping land

surrounding the reservoir site which is suitable for onshore recreation
faxiilities. Slopes range from 5 to 25 percent, with most in the 10 to 15
percent range.

On Figure 2, the areas most suitable for recreation development
are delineated. The areas were determined from topographic maps, aerial
photographs, and field reconnaissance. Day vise areas would be located close
to the reservoir. The gently sloping shoreline surrounding most of the
reservoir would offer an excellent location for swimming beaches.

There is adequate land available to provide three large camping

areas without crowding. Two camp areas coiild be located on the eastern

shore and one near sin atrea on the western shore.

Initial development would occupy only a small portion of the

total developable land, estimated at over 300 acres, shown on Figure 2.

The initial development is proposed at the most favorable location. It

is beyond the scope of this investigation to present in detail the loca-

tion and staging of the development of recreation facilities.

Fish Enhancement Potential

Stone Meadow Reservoir will be a cold-water-trout producing

reservoir. Although the surface layer of the reservoir will become warm

in the summer, the inflows, which are derived almost entirely from snow-

melt runoff, will make the average water temperature cold.

A study made by the Department of Fish and Game indicated that

Stone Meadow Reservoir will yield 25 pounds of trout per acre annually to

anglers. Fingerling rainbow trout would be planted each year by the

Department at an estimated cost of $915- The reservoir could sustain a use

of 11,250 angler days annually, based upon anticipated fish production.

The Mather Diversion Dam would slightly ennance the trout producti-

vity in the small reservoir formed, however, a slight loss in productivity

would occur below the dam, which would be a barrier to the movement of the

fish. Essentially no loss to the Middle Fork fishery would be caused by

the Mather Diversion.

Shanahan Flat Project

The Shanahan Flat Reservoir site is located on Big Creek about one

mile west of Smith Station, Access to the site is provided by about one-

half mile of paved road from Highway 120. The proposed dam would be located
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in the northwest qviarter of Section 32, Township 1 South, Range 17 East,
MDB and M. Streambed elevation at the dainslte is 2,860 feet. The reser-
voir would lie almost entirely in Section 32, Township 1 South, Range 17
East, with a small portion of one am lying in Section 31. The general
features of the proposed Shanahan Flat Dam and Reservoir are shown in Table 12.

Design Considerations

The best topographic mapping available of the dam and reservoir
site is the 7i minute USGS Groveland quadrangle. An enlargement of this
map was used to determine the location of the damsite axis, spillway,
outlet works, striirping and embankment quantities and the elevation-area-
capacity characteristics of the proposed reservoir.

At the damsite the stream charmel section is partially covered by
a thin alluvial fill deposit consisting of sand, gravel 8uid boulders. The
exposed bedrock along the channel is a gray-black recemented brecciated
schist which is very hard, durable, and moderately fractured. Stripping in
the channel section would require removal of the shallow alluviad. fill and
shaping of the irregular bedrock surfax;e.

The abutments of the damsite are mantled by reddish-brown
weathered schist which is soft and friable. The depth of weathering is

expected to be variable, and the intensity of weathering is expected to
decrease with depth below the surface. Stripping depth on the abutments
is estimated to average about five feet normal to the slope, and the cutoff
trench required to reach unweathered bedrock is estimated to average 15
feet in depth. Grouting requirements are expected to be light.

The reservoir site lies within an area \mderlain by metamorphic
rocks of the Calaveras Group. Reservoir leakage is expected to be negli-

gible, and siltation and landslides are not expected to be problens.

Impervious materials for construction of the earth embankment

occur in the fonn of deeply weathered Calaveras metamorphic rocks in sub-

stantial qiiantities near the damsite. Pervious materials for filter drains

and rip-rap occur in local outcroppings of metamorphic rocks of the

Calaveras Group.

Spillway capacity was estimated by routing the probable majcimum

flood through the reservoir. The probable maximum flood had an estimated

peak inflow from the 7.8 square mile watershed of 13,200 cubic feet per

second and a 2U-hour runoff volume of 7,200 acre-feet.

Dam

Based upon geologic, topographic, and economic considerations,

a modified homogeneous earthfiU type dam was selected for this site. The

height of the dam would be 102 feet at the maximum section, the crest

length 500 feet, and the crest width 30 feet. The vqpstream slope would be

3:1 and the downstream slope 2.5:1. Figure 3 presents a plan view, profile

along the axis of the dam, and cross-section of the proposed dam.
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Reservoir

The proposed reservoir wovild inimdate a valley approximately one
mile long and would have several aama vhere tributary streams enter the
site. The reservoir site is covered with a moderate to dense stand of yovmg
coniferous forest with some oak trees and brushland intermingled.

The proposed reservoir wo\ild have an area of 129 acres capacity
of 3,920 acre-feet at normal pool elevation. The elevation-capacity-area
relationships of the proposed reservoir is shown in Table 11.

Spillway

Consideration was given to both side-channel ajid chute-type
spillways. Although the side-channel type would require less excavation,
it would be more expensive because of a greater amount of structural
concrete.

The chute spillway would be located on the left abutment. An
approach channel with a bottom width of 100 feet, side slopes of 1:1, and
a length of 25O feet would convey flood flows from the reservoir to the
spillway. The flows would then pass over a concrete ogee-shaped weir,
enter a chute, and be discharged into the stream channel below the dam.

The spillway weir, transition, and chute would be foxmded on firm, weathered
metamorphic jx>ck and would be constructed of reinforced concrete.

The estimated peak inflow from the probable maximum flood would
be reduced from 13,200 cubic feet per second to 11,300 cubic feet per second
by routing through the reservoir.

Outlet Works

The proposed outlet works would be the cut-amd-cover type founded

in the right side of the channel section in unweathered metamorphic rock.

A 36-inch steel pipe encased in reinforced concrete would convey water

from the inlet structure in the reservoir to an outlet structure in the

stream channel downstream from the dam. Two 30-inch gate valves to control

releases would be placed in a dry well near the axis of the dam. Access

to the well would be provided by a vertical shaft extending to the crest

of the dam.

Water Treatment Facilities

Because of the relatively small capacity required to meet

domestic demand, a "packsige type" water treatment plajit was found to be

the most economlcatl. With this type of plant, component parts are shop-

fabricated and delivered to the job site for installation. Future

expansion can easily be accomplished by adding additional units.

Complete treatment would probably be required of water to be

used for domestic use from Shanahan Flat Reservoir. The treatment would

include coagulation and sedimentation, filtration, and chlorination.
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The proposed initial (year 1975) facilities would have a

capacity of 280 gallons per minute. Component parts would include an in-

let control, dry chemical feed, precipitator, filter, hypochlorinator, and

treated water storage tank. In 1985 the capacity could be increased to

560 gallons per minute by addition of one filter of the same capacity as

the initial filter. Further expansion would be accomplished by the addition

of units of the same capacity as the initial unit. A unit of this size is

specified because it is about the largest unit that can be shop-fabricated

and delivered to the jobsite. Larger units woiiLd have to be field-

fabricated which would result in increased costs.

The proposed treatment plant would be located on a flat area

just to the west of the dam and would receive untreated water pumped from

Shanahan Flat Reservoir.

Conveyance to Area of Demand

Conveyance facilities would be provided to transport treated

water from Shanahan Flat Reservoir to the area of demand. Jfost of the

service area would be higher in elevation than Shanahan Flat Reservoir

and, therefore, would require a pumping lift.

As in the case of the water treatment facilities, staged

development would be more economical than initial construction of facilities

to meet the maximum demands during the 50-year project life.

Facilities for the proposed initial development would include a

25-horsepower pump which would recieive treated water from the storage tank

near Shanahan Flat Dam and pump it through 21,000 lineal feet of 10-inch

asbestos-cement pipe to the approximate center of the service area (in the

center of the north line of Section 27, Township 1 South, Range 16 East,

MDB and M). Plate 3, page 3^^ shows the approximate alignment of the
proposed pipeline.

Second stage development in I985 would replace the initial
25-horsepower pump with a 50-horsepower pump, which woiold supply the
increased demand.

Third stage development in 1995 would replace the 50-horsepower
pump of the second stage with a 125-horsepower pump, which would svcpply

the increased demand.

In the fourth stage of development in 2005 an additional pipe-

line paralleling the initial pipeline would be required. The pipeline

would be a 12-inch asbestos-cejient pipe and would have a length of 21,000
feet. The 125-horsepower pump of the third stage would be replaced with

a 150-horsepower pump to supply the increased demand.

The final stage of development in 2015 woiold entail the replace-
ment of 150-horsepower pump of the fourth stage with a 300-horsepower pump
to supply the increased demand.
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Proposed Operation

Shanahan Flat Resej-voir would be operated under the criteria

discussed in Chapter III.

Under the proposed operation, diy year streamflow depletions

from reservoir evaporation and domestic use of water would be balanced

by accretions from September releases from Stone Meadow Reservoir. This

would allow dry year inflows to Shanahan Flat to be used for domestic

water supply and to replace evaporation losses.

An import of water to Shanahan Flat would be required under

demands estimated to occur after the year 2005. Releases of water from

Stone Meadow Reservoir and rediversion and conveyance to the headwaters

of Big Creek would be the source of imported water.

Tables 31 through 33 of Appendix B present the proposed opera-

tion of Shanahan Flat Reservoir under hydrologic conditions similar to

those during the UO-year period 1926-2? through I965-66.

Inflow . Inflow to Shanahan Flat Reservoir would be provided by

the natural runoff from the tributary watershed (except for future proposed

imports after year 2005). Estimates of the inflow to the proposed reser-

voir were made by correlations with the flow nt the "Big Creek near

Groveland" gaging station. A current meter measurement was made on April k,

1967 of Big Creek at a point about 2,000 feet downstream from the Shanahan

Flat damsite. The measurement, which was made during a period of stable

flow, substantiated the correlation used.

The average annual natural runoff at the Shanahan Flat damsite

for the 50-year period I916-IT through I965-66 was estimated to be 2,950

acre-feet. The estimated annual runoff varied from a maximum of 12,200

acre-feet in 1937-38 to a minimum of 6I acre-feet in 1930-31. Estimated

dry year flows at the damsite and the estimated annual inflow to the

reservoir are shown in Columns 6 and 9, respectively, of Table 31 in

Appendix B.

Evaporation . Evaporation losses were computed in the same

manner as for Stone Meadow Reservoir. The annual reservoir water surface

evaporation rate was estimated to be k.3 feet. Precipitation on the

proposed reservoir was estimated by extensions of records at the Groveland

Ranger Station.

Releases. Releases from Shanahan Flat Reservoir to the stream

below the dam might be considered as spills. Unlike Stone Meadow, where

inflow from snowmelt runoff can be predicted with a fair degree of

accuracy, the runoff at Shanahan Flat damsite is mostly from rainfall,

which is unpredictable. At all times when the reservoir is less than full,

runoff would be stored to assure a full or as nearly full reservoir as

possible at the end of the precipitation season.

Water for domestic supply would be pumped from the reservoir

and conveyed to the service area. The annual amounts of water for this

purpose are shown in Column 12 of Tables 31 through 33 of Appendix B.
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Future Middle Fork Diversion to Shanahan Flat

Shanahan Flat Reservoir could not supply all of the estimated
demands occurring after the year 2005 and an import of water would be

required. Estimates of costs of providing this import from possible
alternative sources indicate that diversion from the Middle Fork of the

Tuolumne River near Oakland Recreation Cainp would be the most economical.

The diversion dam would be located on the Middle Fork near the east line
of Section 29, Township 1 South, Range l8 East, MDB and M. Streambed
elevation at the diversion damsite is 2,830 feet.

The proposed damsite is founded on granitic rock and the chainnel

section is about 100 feet wide. Preparation of the foundation wo\ild

reqtiire shaping the channel section and stripping a minor amount from the
abutments

.

The proposed diversion dam would be a concrete gravity structure
with an ogee-shaped overpour crest. The amo\mt of water stored behind the
dam would not constitute a flood threat, therefore the dam was designed to
pa^s a flood having a recurrence interval of 100 years with one foot of
freeboard below the top of the wingwalls.

Outlets from the dam would be provided to release water to the
stream below the dam and into a pipeline to convey water to a turbine-pump
xmit.

The Middle Fork below Oakland Recreation Camp drops abruptly to
its confluence with the South Fork. This drop provides a potential sovirce

of energy which could be used to pvmrp water to the headwaters of Big
Creek. Using a hydraulic turbine as a prime mover for a pump is a unique
feature of the proposed project.

A 24-inch reinforced concrete pipeline would lead from the diver-
sion dam to point above the South Fork Canyon about 500 feet downstream
from the Highway 120 bridge. From this point a 20-inch steel penstock
would lead to a tiirbine-pvirap unit near the South Fork channel. The pen-
stock woiild bifurcate just above the turbine-pump \xnit; aboirt 80 percent
of the water would flow into the "turbine" side and the remainder would flow
into the "pump" side. The turbine runner would rotate the pump impeller by
direct mechanical coupling. The pump would lift the 20 percent of water
through the 500 feet of head required to transport the water to Big Creek.
The pump penstock wovild cross the South Fork and climb the west side of the
canyon. A 12-inch asbestos -cement pipe would then convey the water along
the approximate alignment of the old Hetch Hetchy Railroad to the head-
waters of Big Creek.

Table 13 presents pertinent statistical data on the proposed

future diversion.
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Recreation Potential

The vegetative cover of lands surrounding the Shanahan Flat reser-
voir site is predominantly young coniferous forest with oak trees scattered
throughout

.

The northeast shore of the reservoir site is generally steep with
heavy tree cover. The land adjacent to the arm nearest Highway 120 is
generally open with gentle slopes. Since it is close to Highway 120, it
could best be used as a picnic area. The heavily wooded southeast arm has
gentle slopes up to 100 feet from the shoreline. The west shore has 10 per-
cent slopes extending to one mile inland and wotild provide a very sviitable
area for all types of onshore recreation activities. A recreation area of
about 200 acres could be developed to provide most of the recreation
facilities required at the reservoir.

Figure k presents a plan of potential development of day and over-
night use areas. These areas were delineated with the aid of topographic
maps, aerial photographs, and field inspection.

Camping would be a major activity, and sufficient land could be
provided in the Shanahan Flat and Hells Hollow area to accommodate this
function. Many visitors woiild use this area as a base camp while visiting
Yosemite National Park or hunting and fishing in nearby areas as well as for
the recreation provided at the reservoir itself. Most of the camping areas
should be confined to recreation Ismds more than 300 feet from the shoreline
which wo\ild insure adequate space for picnicking, swimming, fishing, and
other day use activities.

Along with camping, this reservoir should receive fairly heavy pic-
nic use because of its proximity to Highway 120. The use of this Highway
will increase each year, especially with the completion of the proposed
highway reeilignment. Many travelers will need areas for roadside picnic and
rest stops. Areas bordering lakes and streams have proven to be the most
popular sites for this type of activity.

Fish Enhancement Potential

The proposed Shanahan Flat Reservoir would provide a predominantly
warm-water fishery. Inflow to the reservoir would be derived almost entirely

from rainfall on the watershed. The warm daytime temperatures during the

summer would result in warm upper layers of the reservoir.

A study by the Department of Fish and Game indicated that the reser-

voir would yield 30 pounds of fish r>or acre annually. Initial planting copt

is estimated at $^,500 including chemical treatment of the drainage to remove
non-game fish. No additional stocking will be required after the initial
plant. The reservoir co\ild sustain a use of 3,26o angler-days annually,
based upon anticipated fish production.
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FIGURE 4^

DEPARTMENT OF WATER RESOURCES SAN JOAQUIN DISTRICT 1967
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TABLE 10

GENERAL FEATURES OF THE PROPOSED STONE MEADOW
DAM AND RESERVOIR AND MATHER DIVERSION

Item
;

Description

Stone Meadow Dam

Type Modified homogeneous earthfill
Elevation of streambed, in feet ^+,^15

Crest elevation, in feet ^,530
Crest height above streambed, in feet 115

Crest length, in feet 1,080
Crest width, in feet 30
Slopes: Upstream face 3:1

Downstream face 2:1

Volume of fill, in cubic yards 1+57,000

Stone Meadow Spillway

Type Ungated chute

Crest elevation, in feet ^,520
Crest length, in feet 20

Freeboard above crest, in feet 10

Probable maximum flood peak outflow, in cubic feet per second 1,520

Stone Meadow Reservoir

Storage capacity at minimum pool, in acre-feet 1,000

Storage capacity at normal pool, in acre-feet 8,500

Surface area at minimum pool, in acres o2

Surface area at normal pool, in acres 231

Water surface elevation at minimum pool, in feet if,U70

Water surface elevation at normal pool, in feet l+,520

Drainage ar«a, in square miles 3.15

Mather Diversion Dam and Pipeline

Type of dam Concrete gravity

Type of spillway Overflow

Type of outlet works:

Stream outlet 2l+" slide gate

Conduit Intake 2?" slide gate

Pipeline capacity, in cubic feet per second 25

Lengths and diameters of pipeline 5,000 feet of 2T-inch

and 1,300 feet of l8-inch
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TABLE 11

AREAS AND CAPACITIES OF PROPOSED RESERVOIRS

Water Surface



TABLE 12

GENERAL FEATURES OF THE PROPOSED SHANAHAN FLAT DAM AND RESERVOIR

Item
I

Description

Shanahan Flat Dam

Type Modified homogeneous earthfill
Elevation of streambed, In feet 2,855
Crest elevation, in feet 2,962
Crest height above streambed, in feet 107

Crest length, in feet 500

Crest width, in feet 30

Slopes: Upstream face 3:1

Downstream face 22*. 1

Volume of fill, in cubic yards 232,000

Shanahan Flat Spillway

Type Ungated chute

Crest elevation, in feet 2,950

Crest length, in feet 100

Freeboard above crest, in feet 12

Probable maximum flood peak outflow, in cubic feet per second 11,300

Shanahan Flat Reservoir

Storage capacity at minimum pool, in acre-feet 1,000

Storage capacity at normal pool, in acre-feet 3>920

Surface area at minimum pool, in acres *•'*

Surface area at normal pool, in acres 129

Water surface elevation at minimum pool, in feet 2,9l8

Water surface elevation at normal pool, in feet 2,950

Drainage area, in square miles T.o
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TABLE 13

GENERAL FEATURES OF THE PROPOSED MIDDLE FORK DIVERSION

TO SHANAHAN FLAT IN YEAR 2005

Item Description

Middle Fork Diversion

Type
Type of spillway
Type of outlet works:

Stream outlet
Conduit

Capacity of pipeline from Diversion to pump-turbine
penstock, in cubic feet per second

Length and diameter of pipeline from Diversion
to pump-turbine penstock 2,000

Length and diameter of pump-turbine
penstock 500

Capacity of pump penstock, in cubic feet per second
Length and diameter of pump penstock 1,000
Length and diameter of pipeline

to Big Creek 26,000
Design criteria for pump-turbine unit:

Overall efficiency, in percent
Capacity and head on turbine side

Capacity and differential head on pump side

Concrete gravity
Overflow

24- inch slidegate
2U-inch slidegate

lU.O

feet, and 2U-inch

feet, and 20- inch
2.8

feet, and 12-inch

feet, and 12-inch

72
11.2 second-feet

and 200 feet
2.8 second-feet

and 590 feet
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CHAPTER V. ECONMCCC CONSIDERATIONS

Estimates of the costs and acconiplishments of water projects
studied indicate that the tvo projects presented vrould be economically
jviBtified primarily becaiise of the demand for water-oriented recreation
facilities in this area of the State and the potential for such develop-
ment. Statewide and nationwide benefits would be provided by recreation
developments in this area. This is true beca\ise of the shortage of
facilities for visitors from thro\ighout the United States, and particularly
from the San Francisco-Oakltmd Bay area. This investigation, however, was
not in sxifficient detail to determine the feasibility of a local agency
developing either of the proposed projects at the present time. More
detailed geologic and financial studies are particularly needed.

The projects as proposed would be constructed by stages. The
initial stages would be completed by year 1975- Costs smd benefits were
estimated in terms of present worth (Yeeu: 1975) of costs and benefits
occurring during the 50-year period from 1975 through 2025.

Project Costs

Preliminary design and cost estimates were made for projects
presented in this report. Estimates were also made of the costs of
alternative projects to assure that the projects presented axe the most
economical means of accomplishing the project purposes. The costs were
based on prices prevailing in I967.

Stone Meadow Project

The Stone Meadow Project consists of the (l) Stone Meadow Dam
and Reservoir, (2) recreation fauiilities at the reservoir, and (3) the

Mather Diversion and conduit from the Middle Fork to Stone Meadow. The
present worth of estimated capital and annvial costs of the -diversion and

cond\iit to Stone Meadow is $215,900, as shown in Table Ik-/. The present
worth of the capital and annual costs of the dam and reservoir is shown

in Table 15 to be $2,268,500.

Sufficient time and personnel were not available to layout,

design, and estimate the costs of recreation facilities. An estimate of

unit capital cost of $9.15 per visitor-day capacity was based on esti-

mated costs of onshore recreation facilities proposed in reconnaissance

and feasibility studies of similar projects in the Sierra Nevada. The

relatively high proportion of overnight to day use is reflected in this

unit cost. Annual costs include operation, maintenance, and replacement

of facilities. The present worth of estimated capital and ann\ial costs

of recreation facilities at Stone Meadow is shown in Table I6 to be

$5,601,000.

The total present worth of the capital and annual costs shown

above is $8,085,UOO.

1/ Tables are placed at the end of the chapter.
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Shanahan Flat Project

The proposed Shanahan Flat Project consists of a dam and reser-
voir, recreation facilities, and water supply treatment and conveyance
systems. The estimates of costs for feat\ires of the storage dam and
reservoir are shown in Table 17. The capital cost of the dam and reservoir
is estimated to be $1,398,710. The annual costs are estimated to be $6,900,
which would have a present worth of $1148,200. The capital and annual costs
of typical recreation facilities for the available lands at Shanahan Flat
are presented in Table l8. The capital costs are based on unit costs of
$6.25 per visitor-day capacity for recreation facilities. The unit capital
costs per visitor-day capacity were estimated to be less at Shanahan Flat
than at Stone Meadow because of the greater percentage of day use at Shanahan
Flat. Annvial costs include operation, maintenance, and replacement of
facilities. The present worth of capital and annual recreation facility
costs is estimated to be $2,5l+5,600.

The total costs for water supply treatment and conveyajice systems
include the costs of a diversion from the Middle Fork in the year 2005, as
well as the costs of treatment and transmission of water for domestic use
from Shanahaji Flat Reservoir. The estimated costs of water treatment
facilities are shown in Table 19; estimated costs of pump and pipeline
from Shanahan Flat to the area of use is shown in Table 20; and the esti-
mated costs of the futiire diversion from the Middle Fork is shown in
Table 21. These costs are summarized in Table 22.

The costs for water treatment facilities were based upon:
(l) initial facilities (precipitator, filter, chemical feed, hypochlorina-
tor) with a capacity of 280 gallons per minute to be constructed in year
1975; second stage construction (additional filter) to a capacity of
560 gpm in year I985; third stage construction (additional unit plus
filter) to a capacity of 1120 gpm in year 2000; and final stage construc-
tion (two additional units plus two filters) in year 2015 . The present
worth of capital and annual costs of present and future water supply
treatment is estimated to be $187,700.

The present worth of estimated costs of pump and pipeline from
Shanahan Flat into the Service Area ($5li+,300) was based upon the delivery
of all water demand through pipelines by stage development to a point
near the center of the Service Area. This method of estimating the cost
of serving the Sei-vice Area was useful during the process of choosing
between alternatives, and is a reasonable means of estimating future
costs. The present worth of $156,500 for future diversion facilities
from the Middle Fork, in combination with the other costs mentioned above,
indicates a total present worth of $858,500 for domestic water supply
facilities.

The total present worth of all capital ajid axmual costs esti-
mated for the Shanahan Flat Project is $1^,951,000.
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Project Benefits

A determination was made of benefits which would result from
the domestic water supply, recreation, and fish enhancement purposes of
projects proposed in this report.

Stone Meadow Project

The Stone Meadow Project would be justified primarily because
of its recreation benefits. Benefits would eilso result from the cold-
water trout fishery. Although domestic water supply benefits result from
providing supplementeil water to the Service Area from the Middle Fork
Diversion after the year 2005, no attempt was made to determine the amount
of benefits attributable to this Diversion.

Recreation and Fish Enhancement Benefits . The Depaurtment of
Pturks ajid Recreation made q\ialitative studies which contributed toward
deriving a unit value for a visitor-day of recreation use. The method
used for determining recreation unit values is contained in Appendix A.

A value of $2.20 for a visitor-day of use was determined and is used in
estimating recreation and fish enhancement benefits at the Stone Meadow
Project. The method employed by the Department in estimating future
recreation use was explained in Chapter III. Table 23 presents the esti-
mated use of recreation facilities at Stone Meadow Reservoir. The Depart-

ment of Fish smd Game made studies of the cold-water fishery potential
and estimated fish production and angler-day \ise.

The benefits from both the fisheries and other recreation
activities are shown in Table 2k. The present worth of fish enhancement

benefits is estimated to be $520,000, and the present worth of other

recreation benefits is estimated to be $12,100,000. The total present

worth of these recreation and fisheries benefits is $12,620,000.

Domestic Water Sirpply Benefits . Since the Stone Meadow Project

would not furnish supplemental water supplies to the Service Area prior

to year 2005, the present worth (1975) of such benefits would be low.

The facilities required to transport water from Middle Fork (released from

Stone Meadow) to Shanahan Flat have been treated in this chapter as

features of the Shanahan Flat Project. Domestic water supply benefits

were considered to accrue to the Shanahan Flat Project.

Shanahem Flat Project

The Shanahan Flat Project, as considered in this report.

Includes all domestic water svqjply facilities req\iired to serve the

Service Area, Including facilities to import supplemental water from
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the Middle Fork in year 2005. The recreation function of the project,
however, would provide the largest project benefit. There woiiLd also be
an appreciable reservoir fish enhancement benefit.

Recreation and Fish Enhancement Benefits . The recreation benefits
were determined from estimates of use as shown in Table 25. The basis for
estimates of recreation wait values have been previously presented. The
fish enhancement benefits are based on 3>260 angler-days of emnual use, which
are justified on the basis of natural propagation of the warm-water fish.
The estimated total use of recreation facilities, including those used by
fishermen, is shown to increase from 5U,000 in year 1975 to 233,000 in
year 2005. Benefits are based on a continuing ajinual use of 233,000 after
year 2005 because this would be the designed capacity of proposed facilities.

Average annual recreation and fish enhancement benefits based on
proposed facilities at Shanahan Flat are shown in Table 26. The unit value
for recreation and other recreation uses was estimated to be $1.78. The
present worth of recreation benefits is estimated to be $5,512,000, the
present worth of fish enhanconent benefits is estimated to be $125,000,
and the combined total of the two is $5,637,000.

Domestic Water Supply Benefits . It has been previously explained
that the value of water provided by the project would be limited by the
cost of getting water from another source. Studies \inder this investiga-
tion as well as previous studies made by the Department and by local
agencies have concluded that the Hetch Hetch Project of the City of San
Francisco would provide the least costly alternative water supply. Esti-
mates have been made of the cost of obtaining water from this soiirce.

Table 27 presents the estimated capital and annual costs of water from
this source. The pipeline indicated in the table would deliver water to
the same central part of the Service Area as the proposed Shanahan Flat
Pipeline. The present worth of $1,138,700 for costs of the alternative
supply is considered to be the present worth of water supply benefits for
the Shanahan Flat Project.

Comparison of Benefits and Costs

The toal development as proposed in this report is justified
for further consideration because total benefits are larger than total
costs. The present worth of all benefits would be $19,395,700 whereas
the present worth of all capitaJ. and annual costs would be $13,036,U00.
This indicates an overall benefit-cost ratio of 1.^9 to 1.
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Financial Feasibility

Financial feasibility is dependent upon the willingness and
ability of the people of an area to finance a project. Studies of
financial feasibility of the projects shown in this report were beyond
the scope of this investigation. Any project which req\iires significant
local financial participation must be realistically evsLluated during the
initial portion of future studies to determine that the proposed project
1b within the financing capability of the sponsoring eigency.
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TABLE Ik

ESTIMATED CAPITAL AND ANNUAL COSTS OF MATHER
DIVERSION AND CONDUIT TO STONE MEADOW
(Based on Prices Prevailing in I967)

Item Cost

Capital Costs

Dam (concrete gravity with overpour section)
and Outlet Works (to stream and pipeline)
Pipeline (to Stone Meadow)

Total Capital Costs

? k8,kO0
100,900

$11+9,300

Annual Costs

Operation and Maintenance
Replacements and General Expense

Total Annual Costs

Present Worth of Annual Costs

Present Worth of Capital and Annual Costs

$ 1,200
1.900

$ 3,100

$ 66,600

$215,900
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TABI£ 15

ESTIMATED CAPITAL AND AOTJUAL COSTS OF

STONE MEADOW DAM AND RESERVOIR
(Based on Prices Prevailing in 1967)

Item Cost

Capital Costs

Dan
Spillway
Outlet Works
Clearing, Grubbing and Road Relocation

Land and Right-of-Way Acquisition

Total Capital Costs

$1,U62,800
50,500

272,300
177,700
66,700

$2,030,000

Annual Costs

Operation and Maintenance
Replacements and General Expense

Total Annual Costs

Present Worth of Annual Costs

Present \Jorth of Capital and Annual Costs

$ 3,Uoo
7,700

$ 11,100

$ 238,500

$2,268,500
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TABLE 16

ESTIMATED COSTS OF RECREATION FACILITIES AT
STONE MEADOW RESERVOIR

(Based on Prices Prevailing in I967)

Year



TABLE 17

ESTIMATED CAPITAL AND ANNUAL COST OF
SHANAHAN FLAT DAM AND RESERVOIR

(Based on Prices Prevailing in I967)

Item Cost

Capital Costs

Dam
Spillway
Outlet Works
Clearing, Grubbing and. Road Relocation
Land and Right -of-Way Acquisition

Total Capital Costs

$ 713, UOO
308,700
18U,200
145,000
47.'*00

$1,398,700

Annual Costs

Operation and Maintenance
Replacements and General Expense

Total Annual Costs

Present Worth of Annual Costs

Present Worth of Capital and Annual Costs

$ 1,600
5,300

$ 6,900

$ 148,200

$1,546,900
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TABLE 18

ESTIMATED COSTS OF RECREATION FACILITIES AT
SHAKAHAN FLAT RESERVOIR

(Based on Prices Prevailing in I967)

: Capacity, in :

Year : Vis itor-days :



TABLE 19

ESTIMATED CAPITAL AND ANNUAL COSTS OF
WATER TREATMENT FACILITIES

Item '• Cost

CapltaJ. Costs

Initial (Year 1975) Facilities, (Capacity = 28O GPM)

Precipitator, Filter, Chemical Feed, I^o-
chlorinator, Inlet Control and Storage Tank $ 51,100

Second Stage (Year I985) Facilities (Capacity = 56O GPM) 18,000

Third Stage (Year 2000) Facilities (Capacity = 1120 GPM) 69,100

Final Stage (Year 2015) Facilities (Capacity = 22U0 GPU) 138,200

Present Worth of Capital Costs $118,000

Annual Costs

Initial Stage (1975-1985) $ 1.900

Second Stage (1985-2OOO) 2,800

Third Stage (2000-2015) ^.^00

Final Stage (2015-2025) 8,800

Present Worth of Annual Cost $ 69,700

Present Worth of Capital and Annual Costs $187,700
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TABLE 20

ESTIMATED CAPITAL AND ANNUAL COSTS OF
PUMPING AND CONVEYANCE OF WATER FROM

SHANAHAN FLAT RESERVOIR TO PROJECT SERVICE AREA
(Based on Prices Prevailing in I967)

Item Cost

Capital Costs

Capital Cost of Initial Pump Installation
Present Worth of Future Pump Installations

Capital Cost of Initial Pipeline
Present Worth of Future Pipelines

Present Worth of Capital Costs

Annual Costs

Present Worth of Annual Costs of Power
Present Worth of Annual Operation, Maintenance and
Replacement Costs and Genereil Expense

Present Worth of Annual Costs

Present Worth of Capital and Annual Costs

$ 2,600
19,700

212,100
9U.UOO

$328,800

$107,000

78,^00

$185,500

$511+, 300
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TABLE 21

ESTIMATED CAPITAL AND ANNUAL COSTS OF FUTURE
(YEAR 2005) DIVERSION FRCM MIDDLE FORK AT
OAKLAND RECREATION CAMP AND CONVEYANCE TO

HEADWATER OF BIG CREEK
(BcLsed on Prices Prevailing in 19^7)

Item Cost

Capital Costs

Dam and Outlet Works
Pipeline from Diversion to Turbine Penstock

Turbine Penstock
Turbine-Pump Unit
Pump Penstock
Pipeline from Pximp Penstock to Big Creek

Valves, Fittings, Surge Tank and Miscellaneo\iB

Total Capital Costs (Year 2005)

$ 20,700
33,100
20,700
U5,500
20,700

215,300
58,000

$Ul4,000

Annvial Costs

Operation and Maintenance
Replacements sind General Expense

Total Annual Costs

Present Worth of Capital Costs

Present Worth of Annual Costs

Total Present Worth of Capital and Annual Costs

$ 3,700
3,200

$ 6,900

$127,600
28,900

$156,500
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TABLE 22

SUMKABY OF ESTIMATED INITIAL COSTS AND PRESENT WORTH OF
SPECIFIC COSTS FOR DCaffiSTIC WATER SUPPLY FACILITIES

(Based on Prices Prevailing in I967)

Item ] Initial Cost '. Present Worth

Water Treatment Facilities $ 51,100 $187,700
Pump and Pipeline from Shanahan Flat

Reservoir to Service Area 2lU,700 51*+, 300

Future Diversion of Middle Fork at
Oakleuid Recreation Camp and Con-
veysjice to Big Creek 136,500

Total $265,800 $858,500

82



TABLE 23

ESTIHATED USAGE OF KECKEATIOfl FACILITIES AT
STONE MEADOW RESERVOIR

Item :



TABLE 25

ESTIMATED USAGE OF RECREATION FACILITIES AT
SHANAHAN FLAT RESERVOIR

Item



TABLE 27

ESTIMATED CAPITAL AHD ANNUAL COSTS OF WATER
AND PUMPING FROM HETCH HETCHY AQUEDUCT
(Based on Prices Prevailing in I967)

Item . Cost

Capital Costs

Present Worth of Capital Costs of Pumps $ 108,000

Present Worth of Capital Costs of Pipelines 2U,300

Present Worth of Capital Costs $ 132,500

Annual Costs

Present Worth of Water Purchases $ 671,000

Present Worth of Power Purchases 309,200

Present Worth of Annual Operation, Maintenance

and Replacement Costs and General Expense 26,000

Present Worth of Annual Costs $1,006,200

Present Worth of Capital and Annual Costs $1,138,700
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GUIDELINES FOR EVALUATING
RECREATION BENEFITS

GENERAL RECREATION

The objective of the Department of Water Resoiirces in eval-
Tiating recreation benefits is to express the net benefit to the
recreationist himself of participating in the recreation activity. Once
derived, this individual value is mviltiplied by the total visitation to
a project to derive the total benefit of the project.

Two factors obviously have an effect on the benefit to the
recreationist; (l) the variety and quality of recreation, and (2) the
esthetic qualities of the site. These guidelines consider only those two
factors. Other factors such as proximity of the site to population cen-
ters and competition with other similar recreation areas are more related
to total \ise than to the benefit accruing to individual, recreationists,
and, thus, are not considered separately in these guidelines.

Point scores of these factors are established as follows:

Factor Rating Point Score

Variety euid Qxiality of Poor 1

Recreation Fair 3
Good 5

Esthetic Qualities of Poor 1
the Site Fair 3

Good 5

The point scores resulting from application of these factors
would be added, sind the vmit value of a day's recreation woixld be derived
from them, within the $0.50 to $2.50 range of values adopted by the
Department for general recreation. These point scores cover the $0.50
to $2.50 range in 20 cent increments.

Variety and Quality of Recreation .

Factors to be considered in determining the variety and quality
of recreation include analysis of the type of activity, quality of
experience, and the qxiality of development, operation and maintenance of
the facilities and area. Activities to be considered include bathing,
picnicking, camping, boating, fishing, wildlife vise, water skiing, hiking-
riding-cycling, and scientific-historic appreciation.

Selection of ratings in this category is guided by the following:

Good Quality - Recreation activities give user varied
experiences - National Park Service or Beaches and Parks



BtandeLrds of facility design and operation - Added 8\q>port
facilities to make experience more pleewing (concessions,
boat docks , etc

. ) - Resource produces above normal returns
to recreationist.

Fair q^iality - Recreation activities supported by facilities
necessary to protect health and safety - Below Hational Park
Service or Beaches and Parks standards of facility design
and operations. Delineated areas for activities. Resource
produces reasonable returns to recreationist.

Poor Quality - Recreation activity not prohibited, but
limited by lack of resources or facilities. - Uncontrolled
environment

.

Esthetic Qualities of the Site .

Factors to be considered in determining the esthetic qualities
of the site inclvide: (l) fluctuations in vater surface elevation of
reservoirs or other project operations emd other aquatic factors,

(2) geologic -topographic, (3) vegetative cover, (U) climate, and (5) other
environmental influences.

Selection of ratings in this category is guided by the following:

Ciood Quality - A relatively small reduction in the ratio
of average surface area to the average annual maximim
surfswie area in the course of a recreation season - An
vinusually clear and interesting reservoir - Sv5)erior

vegetative cover - good climate - absence of obnoxious
noise, odor, unsightly works - opportunity for seclusion.

Fair Quality - A normal reduction in the ratio of average
surface area to the average annual maximijm surface area
in the course of a recreation season - Geologic, climatic,

suid vegetative elements of a standard natxire; i.e., useful
said pleasant, but not outstandingly so - Little opportunity
for seclusion - Possible presence of distractions from

unrelated activity, e.g., noise, odor, unpleasant works

visible, etc.

Poor Quality - A relatively large reduction in the ratio of

average surfaxie area to the average annual maximvim surfaxie

area in the course of a recreation season - Vegetative

cover deficient in shade or esthetic character - Geologic

and climatic characteristics stajadard or deficient - Little

or no opportunity for seclusion or escape from evidence of

distracting activity.

Application of Guidelines .

The factors \ised in these guidelines are environmental considera-

tions which probably can be best evaluated by qualified recreation planners.

89



In applying these factors within Departmental programs it is intended
that primary consideration will be given to the advice of contract recrea-
tion planning personnel of theDepartment of Parks and Recreation.

Further, it is intended that supplanenteoy guidelines or
procedures will be devised by recreation plajining personnel of the Depart-
ment of Paries and Recreation. Such supplementary or detailed procedures
will be desirable to assure greater uniformity in rating procedures, and
will allow numerical ratings intermediate between the rather wide point
spreads of these general guidelines.

SPECIALIZED RECREATION

The Department will use the definition of activities contained
in Senate Docvmient No. 97, 87th Congress, for specialized recreation.
Further, the Department will use the range of values -- $2.00 to $6.00 --

established in that doc\mient.

Criteria with ratings and point scores are not yet developed
for selecting specific values within the range for specialized recreation.
With the exception of trout fishing, the incidence of specialized recrea-
tion in the Department's program will be rare, and each situation will
be highly individualized, requiring special consideration.

Unit values above the minimum for specialized recreation will
require justification which must be approved by the Chief Engineer. As
the Department gains experience in evaliiating recreation under these
proced\ires, it is expected that the requirement for special justification
will be relaxed for certain activities or geographical areas.

Trout Fishing

When a trout fishery is associated with a recreation area
offering a variety of activities, such as a reservoir, and no un\isual
cost or scarcity factors are included, those recreationists participating
in trout fishing will be evaliiated as general recreation.

When the trout fishing is isolated frcm a general recreation
situation eind appears as the dominant recreation activity, such as a
stream fishery made possible by flows released for fish enhajticement, it
may be considered as specialized recreation.

When it is necessary in a reservoir situation to separate fish
enhancement from recreation, such as for a Davis -Grunsky project where
both pxurposes are inclxided in the grant application, the activities will
be accounted separately, and the same general recreation unit value will
be applied to both.
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Ocean Salmon Fishing .

Ocean fishing for salinon is not included in these guidelines
since this is covered by the agreement with the Department of Fish and
Game, setting the value of ocean-caught, sport salmon at $0.3^ per pound
of salmon.

Evaluating Specialized Recreation .

The bxilk of the specialized recreation activities are bajsed

on the use of fish and wildlife resources. Because of this, in instances
where values higher than the minimum appear Justified, and where special
justification for higher values will be sought, the advice of personnel
from the Department of Fish and Game will be given primary consideration.

Further, it is intended that guidelines or procedures for
selecting specific values within the specialized recreation range will
be devised jointly by personnel of the Depeurtment of Water Resources,
and the Department of Fish and Game; with the Department of Psirks and

Recreation participating, if appropriate.
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EXPLANATION OF STORAGE OPERATION STUDIES

The following explanations of methods used in conducting
storage operations studies are presented because of the criteria which
were evolved during the investigation. As previously explained, the
Department does not infer any interpretation of water rights through
presentation of these studies which are designed to be in general accord
with previous agreements.

The tabvilated quajitities presented in Tables 28 through 33
are summarized from operation computations in which each year was
broken into two periods, one period from September 1 throiigh May 31 and
the other period from J\ine 1 through August 31. May 31 represents the
approximate beginning of the recreation season and August 31 represents
the approximate end.

STONE MEADOW RESERVOIR (Tables 28, 29, and 30 )

An explanation of each of the columns follows

:

ColTjmn

Number Explanation

(1) September 1 through August 31 operation year was chosen for
convenience in mailing computations which could show storage
of the approximate beginning and ending of the recreation
season.

(2) Storage at approximate beginning of the recreation season
on May 31.

(3) Storage at the end of the operation season. It is computed
as follows : To the August 31 storage of the previous year
add Column (9) and subtract (lO), (ll), (llA), and (12).

(U) Water surface area at approximate beginning of the recrea-
tion season.

(5) Water surface area at approximate ending of the recreation
season

(6) Estimated "dry year" flow at damsite (see section on opera-
tion studies in Chapter III for "dry year" definition) if
the reservoir were not constructed. This is used to compute
streamflow depletions.
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Column
Nimber Explanation

(7) Estimated natural inflow from the watershed tributary to the
reservoir site. This differs from Colimin (6) by the amount
of estimated natural runoff from the reservoir site.

(8) Estimated inflow to the reservoir from Mather Diversion.

(9) Total estimated inflow to the reservoir. This is the sim of
Columns (7) and (8).

(10) The difference between the estimated evaporation from and
precipitation on the reservoir expressed in acre-feet.

(11) Releases to the streams below the dam other than those
required for domestic water supply, Column (llA) and Septem-
ber streamflow accretions, Column (12).

(HA.) Release for export to Shanahan Flat for domestic water supply.

These releases would not be required until after the year

2005. See Column (8) of Shanahan Flat Reservoir operation
for explanation of quantities.

(12) Releases in September of dry years required to make stream-

flow accretions balance previous 12-month streamflow

depletions caused by both Stone Meadow and Shanahan Flat

Reservoirs

.

(13) Dry yesir streamflow depletions caused by Stone Meeuiow Reservoir.

This is computed as follows: From the sum of Col\mns (6) and

(8), subtract Column (ll). The sura of Columns (6) and (8)

represent the water taken from the stream system to operate

the project and Column (ll) represents water returned to the

stream system.

(lU) Dry years streamflow depletion caused by Shanahan Flat Reser-

voir. These quantities are taken frcro the Shanahan Flat

operations and are shown in Column 13 of Tables 31> 32

and 33*

SHAMAHAN FIAT RESERVOIR (Tables 31, 32, and 33)

An explanation of the columns follows:

(1) September 1 throijgh August 31 operation year was chosen for

convenience in making computations which would show storage

at the approximate beginning and ending of the recreation

season.
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Column
Nxmiber Explajiation

(2) Storage at the approximate beginning of the recreation season
on May 31.

(3) Storage at the end of the operation year. It is computed as
follows: To the August 31 storage of the previous year, add
Column (8) and subtract Colimins (lO), (11) and (12).

(k) Water surface area at the approximate beginning of the
recreation season.

(5) Water surface area of the approximate ending of the recreation
season.

(6) Estimated "dry year" flow at the damsite if the reservoir
were not constructed. This is used to compute streamflow
depletions. In the case of Shanahan Flat Reservoir, dry
year flows at the damsite are considered to be essentially
the same as the inflow frcm the watershed tributary to the
reseirvoir (Column 7). The estimated 2.U percent difference
in flow is less than the accijracy of streamflow estimates.

(7) See Column (6).

(8) Imports of water to the Big Creek basin from releases from
Stone Meadow Reservoir and re-diversion from the Middle Fork
at Oakland Recreation Camp. These imports woiild not be
required until after the year 2005. The imported quantities
were determined as follows: The capacity of the turbine-pump
and conveyajice facilities would be 2.8 cubic feet per second.
With an estimated down time of 10% for the turbine-pimp,
150 acre-feet per month coiild be imported. If the reservoir
fills by May 31, imports at the rate of 150 acre-feet per
month would be made in J\ine, July, and August and then the

turbine-pump would be t\irned off. If the reservoir were
not full by the following March 1, the turbine-pvmip would
be started and would continue to run -until the reservoir fills.

(9) Total inflow to the reservoir. This is the simi of Columns (7)
and (8).

(10) The difference between the estimated evaporation from and
precipitation on the reservoir.

(11) Releases to the stream below the dam.

(12) Release for domestic use within the project service area.
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Column
Number Explanation

(13) Dry year streamflow depletions caused by Shanahan Flat
Reservoir. These depletions are the arithmetic difference
between Column (6) and Column (ll) and correspond to the
depletions shovm in Column (1^+) of Tables 28 throvigh 30.
Releases frcm Stone Meadow Reservoir during September of
dry years result in streamflow accretions to balance these
depletions

.
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